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EQUINE SYSTEM FOR NON-SURGICAL 
ARTIFICIAL INSEMINATION 



I. TECHNICAL FIELD 



This invention relates generally to the field of artificial insemination of equines. It 
also involves equine artificial insemination when there has been sex selection of the sperm to 
produce an equine offspring of the desired sex. It is especially relevant to situations where 
non-surgical equine artificial insemination is desired and also where low dose equine artificial 
insemination is of practical importance. 



II. BACKGROUND 

Artificial insemination of equine mares has been of importance for many years. Often 
this has been accomplished surgically. In routine instances where lower dosages of sperm 
have not been required, it has been accomplished without surgery by artificial insemination, 
however this has used relatively high numbers of sperm. For routine artificial insemination of 
the mare 250-500 x 10 6 progressively motile sperm (pms) inseminated every other day to a 
mare in estrus, is usually recommended to achieve maximum fertility. Unfortunately, when 
inseminating mares with semen from a highly fertile stallion, fertility has decreased as the 
number of motile sperm has been reduced. Under ideal conditions, a mare has been 
successfully inseminated with as few as 100 x 10 6 pms without reducing fertility, however 
even this number poses challenges. Insemination with low numbers of sperm is necessary 
when using sorted sexed semen and frozen thawed semen of limited quantity. 

Preselecting the sex of offspring in an equine animal is, of course, of interest. Sex 
preselection following artificial insemination (AI) with low numbers of separate, enriched 
populations of X- and Y- chromosome bearing sperm that have been separated on the basis of 
DNA content is currently possible in other species, however, equine species have in some 
regards proven more difficult. While birth of progeny of the desired sex following intrauterine 
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insemination of cattle and sheep has validated the sexing technology, until the present 
invention, it has not been practically applied to equines. 

To achieve sex preselection involves separating the X- from the Y- chromosome 
bearing sperm followed by use for artificial insemination (AI) or for in vitro fertilization 

5 (IVF) and subsequent embryo transfer. Current high speed flow cytometry enables 

researchers to sort > 1000 live-sexed sperm/second. Sorting alone, however, is not enough. 
In order to make semen sexing a practical technique for a commercial equine AI program, a 
lesser number of motile sperm is required for an insemination dose. In the mare when using 
fresh semen for AI, a typical insemination dose would contain between 250 - 500 x 10 6 

10 motile sperm, t the current sorting rate of ~ 1000 live sperm/second, it would take almost six 
days to sort one insemination dose! Therefore, a lesser number of motile sperm is required to 
practically achieve reasonable fertility. Once that is achieved, enhanced fertility with non- 
surgical insemination of mares with sexed semen is also viewed as practically necessary. 

As mentioned, sex preselection involves the use of DNA content and separation of 
1 5 sperm into X- and Y-chromosome bearing populations. Using current high speed flow 

cytometry enables researchers to sort up to 1000 live sperm/sec of the desired sex with 90% 
accuracy, which provides adequate numbers of sperm in many species other than equines in a 
reasonable amount of time. For example, this new technology for sperm sexing has made it a 
practical technique for artificial insemination in cattle. Since it is practical to sort only a low 
20 number of spermatozoa and still maintain sperm viability, one aspect of this invention 
addresses enhanced pregnancy rates following insemination of 25 x 10 6 non sorted, 
progressively motile spermatozoa (pms). This is about one-tenth of what was previously 
considered optimal for routine operations. Other aspects address even lower numbers. These 
aspects can have significant economic consequences when one considers its application to 
25 celebrated trophy animals such as horses and the like. 

As mentioned, one of the fundamental challenges that efforts at sorting X and Y 
equine sperm has faced is the large numbers of sperm involved. In natural insemination 
equine sperm are produced by nearly the billion; in artificial insemination less, but still 
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significant* large number, of equine sperm are usually used. For instence, equine artificial 

sperm. Thus a significant number of sperm have been presumed necessary in an equme 
artificial insemination environment. 

As the invention relates to sex selected artificial insemination, many methods have 
been attempted ,o achieve the separation of X- and Y-ctaomosome bearing sperm m ote 
animals. None of these, however, have dealt with aspects peculiar to or specific sorting of 
equine sperm cells. General sorong memod. have ranged from nugnetic ^hmques such as 
appears disclosed in U.S. Patent No. 4276,39 to columnar techniques as appear* , d-ta- £ 
U S Paten, No. 5514537 to gravimetiic techniques as discussed inU.S. Patents No. 3894529, 
reissuePa.en,No.32350,U. S .Pa te n B No.4092229,4067965,and415 5 83,. Electrical 

propertieshave also been attempted as shown in U.S. 4083957 as well ™" ° f 

. j- j ;.ri«: Patents No 4225405, 4698142, and 
electrical and gravimetric properhes as discussed mU.S. Patents No. , 

4749458 Motility efforts have also been attempted as shown in U.S. Patents No. 4009260 

and 4339434. Chemical techniques such as those shown in U.S. Patents No. 451 1661 and 

4999283 (involving monoclonal antibodies) and U.S. PatentsNo. 5021244, 5346990, 

5439362 and 5660997 (involving membrane proteins), and U.S. Patents No. 3687803, 

4,9,749 4448767, and 4680258 (involving antibodies) as well as the addition of serum 

components as shown in U.S. Patent No. 4085205. While each of these techniques has been 

level with equine sperm. Regardless of the separation technique eventually used, however, 
the competing combinations of thehigh numbers of equine sperm naturally present and the 
approach of separating X- and Y- chromosome bearing sperm has made it desirable to 
develop an ability to achieve equine ^semination with lower numbers of sperm 

The quantitative technique used to achieve me separation of X-and Y- chromosome 
bearing sperm for artificial insemination (of any species) has been mat involvmg me 
technique of flow cytometiy. This technique appeared possible as a result of advances and 
discoveries involving the differential dye absorption of X-and Y- chromosome bearing sperm. 
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This was discussed early in U.S. Patent No. 4362246 and significantly expanded upon 
through the techniques disclosed by Lawrence Johnson in U.S. Patent No. 5 1 35759. The 
Johnson technique of utilizing flow cytometry to separate X- and Y- chromosome bearing 
sperm has been so significant an advancement that it has for the first time made the 
5 commercial separation of such sperm feasible. Further, separation has been significantly 
enhanced through the utilization of high speed flow cytometers such as the MoFlo® flow 
cytometer produced by Cytomation, Inc. and discussed in a variety of other patents including 
US Patent Nos. 5150313, 5602039, 5602349, and 5643796 as well as international PCT 
patent publication WO 96/121 7 1 . While the utilization of Cytomation's MoFlo® cytometers 
1 0 has permitted great increases in speed, and while these speed increases are particularly 
relevant given the high number of equine sperm often used, certain problems have still 
remained. In spite of the almost ten-fold advances in speed possible by the MoFlo® flow 
cytometer, shorter and shorter sorting times have been desired for several reasons. First, it 
has been discovered that as a practical matter, the equine sperm are time-critical cells. They 
1 5 lose their effectiveness the longer they remain unused. Second, the collection, sorting, and 

insemination timings has made speed an item of high commercial importance. Thus, the time 
critical nature of the equine sperm cells and of the process has made speed an essential 
element in achieving high efficacy and success rates in artificial insemination. 

In spite of some successes in sorting and then artificially inseminating animals of 
20 other species, the effort with equines has proven particularly elusive. As relevant to the 

present invention, equine applications may have been particularly challenging either because 
the equine conception process and/or the equine sperms cells themselves are more delicate 
than those of other species - especially bovines. For this reason, it may even be that those 
skilled in the art have not viewed techniques or systems developed for other species as 
25 applicable to equines. In some instances almost identical procedures from a non-equine 

species do not provide the same type of result for equines. This may have fostered separation 
in the research efforts and in the techniques and substances developed. 

Other problems also exist ranging from the practical to the theoretical. On the 
practical side, it has been desired to achieve equine artificial insemination in a manner that 
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be done in the field rather than a laboratory environment. Thus, for commercial 
production and success in the field, improvements which might only represent an increase in 
efficiency or practicality may still be significant. Related to the practical aspect, is the aspect 
of the delicateness and sensitivity of the entire process. In this regard, it has been desired to 
simplify the process and make it as procedurally robust as possible so that operator error or 
skill can play an ever decreasing role. This goal has also combined to make insemination 
with lower dosages even more desirable. 

In addition to the delicateness of the process, it has always been known that the sperm 
in general are extremely delicate cells. While this factor at first glance seems like it might be 
considered easily understood, in fact, the full extent of the cells' sensitivities have not yet 
been fully explored. Furthermore equine sperm appear particularly sensitive. In contrast to 
bovine sperm, they are in many ways more delicate from the perspective of successful 
artificial insemination. Different sensitivities arise and thus there has to some degree been a 
perception that the systems, techniques, and substances used in other animals (such as 
bovines) may not always be adaptable to equines. This has in fact proven to be true. 



In the context of flow cytometry in general, most sorted cells or particles have often 
been physically able to withstand a variety of abuses. This is not the case for equine sperm 
cells. In fact, as the present invention discloses, the processing through normal flow 
cytometer techniques may, in fact, be unacceptable for cytometric sorting of equine sperm 
cells in certain applications. The sensitivities range from dilution problems and the flow 
cytometer's inherent need to isolate and distinguish each cell individually as well as the 
pressure and other stresses which typical flow cytometry has (prior to the present invention) 
imposed upon the equine cells it was sorting. This may also represent a unique factor for 
equine sperm cells because it appears that even though the equine sperm cell may appear to 
25 pass through the flow cytometer and be sorted with no visually discemable side-effects, in 
fact, the cells themselves may have been stressed to the point that they perform less than 
optimally in the insemination process. Thus, an interplay of factors seems involved and has 
raised unusual problems from the perspective of equine sperm cell sorting and ultimate use 
for equine artificial insemination. 



5 



PCT/US99/17165 

WO 00/06193 

Another problem which has remained - in spite of the great advances achieved 
through the Johnson patent and related technology - is the fact that prior to the present 
invention it has been extremely difficult to achieve lower dosage insemination with sexed 
equine sperm, regardless of the separation technology used. While historically, some 
5 achievement of low dose insemination has occurred, it has appeared to be more in a 

theoretical or laboratory environment rather than in environments which are likely to be 
experienced in or applicable to a commercial application. It has also occurred through 
surgical techniques. In this regard, the desire has not been merely to achieve low dose 
insemination but even to achieve non-surgical insemination in a field environment. To 
10 achieve low dose insemination with pregnancy success rates which are comparable to existing 
unsexed, high dosage artificial insemination efforts is thus quite significant. The advances 
achieved by the present inventors in both sexed, unsexed, and low dose artificial insemination 
represent significant advances which may, for the first time, make commercial applications 
feasible to equids. 

15 Another problem which has been faced by those in the industry - again, in spite of 

the great advances by the Johnson patent and related technology - is the fact that the 
problem itself, namely, equine artificial insemination with a high success rate is one of a 
statistical nature in which a multitude of factors seem to interplay. Thus, the solutions 
proposed may to some degree involve a combination of factors which, when thoroughly 
20 statistically studied, will be shown to be necessary either in isolation or in combination with 
other factors. Such a determination is further compounded by the fact that the results 
themselves vary by species and may be difficult to ascertain due to the fact that testing and 
statistical sampling on a large enough data base is not likely to be worth the effort at the 
initial stages. For these reasons the invention can also involve a combination of factors whtch 
25 may, individually or in combination, represent the appropriate solutions for a given 
application. This disclosure is thus to be considered broad enough so that the various 
combinations and permeations of the techniques disclosed may be achieved. Synergies may 
exist with other factors. Such factors may range from factors within the sorting, or perhaps, 
flow cytometer, steps to those in the collection as well as insemination steps. Thus, while 
30 there has been a long felt but unsatisfied need for high speed, low dose sexed equine 
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insemination, and while certain of the implementing arts and elements have long been 
available, prior to the present invention the advances or perhaps combinations of advances 
had apparently been overlooked by those skilled in the art. It may even be that the proper 
combination of known elements simply was not realized. Perhaps to some degree those in the 
field may have failed to appreciate that the problem involved an interplay of factors as well as 
peculiar necessities for equine sperm cells involved in this field. Interestingly, as the hstmg 
of efforts later in this discussion shows, substantial attempts had been made but they 
apparently failed to understand the problem inherent in such an area as low dose, sexed 
insemination of equines and had perhaps assumed that because the natural service event 
involves perhaps a billion sperm, there may have been physical limitations to the achievement 
of artificial insemination with numbers which are as many as three orders of magnitude less 
in number. Thus, it may not be surprising that there was to some extent an actual teaching 
away from the technical direction in which the present inventors went. Perhaps the results 
may even be considered unexpected to a degree because they have shown that sexed, low 
15 dose equine artificial insemination - if done right - can be achieved with success rates 

comparable to those of unsexed, high dose equine artificial insemination. It might even be 
surprising to some that the techniques and advances of the present invention in fact combme 
to achieve the great results shown. While each technique might, in isolation, be viewed by 
some as unremarkable, in fact, the subtle changes or combination with other techniques 
20 appear to afford significant advances in the end result. 
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Thus, in one regard until the present invention the achievement of non-surgical 
practical equine artificial insemination low dose, sexed artificial insemination of equines has 
not been possible with levels of performance necessary or simplified procedures likely to be 
necessary to achieve commercial implementation. Beyond low dose, sexed insemination on a 
commercial level, however achieved, the present invention also discloses techniques which 
permit the achievement of improved performances and thus facilitates the end result desired, 
namely, low dose, sexed and unsexed non-surgical artificial insemination of equines on a 
commercial basis. 
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III. DISCLOSURE OF INVENTION 

Accordingly, the invention discloses the achievement of systems for the non-surgical 
artificial insemination of equine mares. These techniques are applicable for the use of low 
dosages of equine sperm and are designed so as to be able to be used in the field on a 
commercial and practical level. Further, the systems are usable in conjunction with - and 
have especially valuable applicability to - artificial insemination with sexed equine sperm. 
The systems also provide for an improved ability to sort equine sperm cells to determine their 
sex through flow cytometer separation techniques. Various techniques and substances are 
represented but as those skilled in the art will readily understand, various combinations and 
permutations can be used in the manner which may be optimized for performance based on 
the needs, separation techniques, goals and other parameters involved in a specific equine 
processing application. 

As it relates to the sexed equine application, The objectives of the invention were to 
1) compare pregnancy rates in mares inseminated on a single occasion, close to ovulation, 
with 500, 25, or 5 x 10< progressively motile spermatozoa (pms), 2) achieve reasonable 
pregnancy rates following insemination with 25 10< live-sorted, sexed spermatozoa, and 3) 
develop techniques for sorting semen. 

In one of the initial experiments , sixty-one mares were randomly assigned to 1 of 3 
treatments: Group 1 (n=20) were inseminated into the uterine body with 500 x 10« sperm 
(controls). Group 2 (n=21) and group 3 (n=20) were inseminated in the tip of the uterine hom 
ipsilateral to the preovulatory follicle with 25, and 5 x 10' sperm. Mares were administered 
cloprostenol (250„g i.m.) to induce luteolysis and monitored by ultrasonography every other 
day until a follicle *30mm was detected, and then daily until ovulation was detected. GnRH 
(deslorelin 2.2 mg, Ovuplant®, Fort Dodge) was administered when the dominant follicle 
was ,35mm. Mares were inseminated 34 (n=29) or 40 hours (n=32) after GnRH. Data from 
22 mare cycles were excluded because they either ovulated prior to planned insemination 
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(n=l 1) did not ovulate (n=3), or ovulated > 4 days after GnRH administration (n=8). Semen 
was collected and immediately diluted with a skim milk extender (EZ- Mixin, OF, Animal 
Reproduction Systems, Chino, CA) to either 25 x 10< or 5 x 10< motile sperm/ml. Mares 
receiving 1 ml were inseminated with a flexible plastic artificial insemination pipette (IMV, 
5 France), while mares receiving 0.2 ml were inseminated using a disposable implant gun 

(Veterinary Concepts, Green Valley, WI) containing a 0.5 ml straw. Different insemination 
pipettes were used to optimize delivery of the two different volumes. The location of pipettes 
within the uterus was confirmed by transrectal ultrasonography prior to semen deposition. 

Pregnancy was determined by ultrasonography at 16 days after ovulation. Pregnancy 
10 rates were not different between stallions (P>0.05), so results from the two stallions were 

combined. There was a difference in pregnancy rates for mares bred with 500 x 10< (18/20 = 
90%) versus 25 x 10» treatments (12/21 = 57%) (P<0.05). There was no difference between 
m aresbredwim25xl06versus5xl0^eatments(7/20 = 35o/ 0 )(P>0.05). There was no 

. mn re<? bred 34 vs 40 hours after GnRH administration 

difference in pregnancy rates between mares orea w vs. 

15 19/29 (65%) and 18/32 (56%), respectively (P>0.1). There was also no difference in 

pregnancy rates between mares bred with 5 x 10« sperm in a volume of 1 ml, 3/10 (30o/„)ora 
volume of 0.2 ml, 4/10 (40%) (P>0.05). In summary, pregnancy rates decreased as the 
number of motile spermatozoa inseminated decreased in this initial effort. However, a day-16 
pregnancy rate of 57% was achieved with a single insemination, close to ovulation, with 25 x 

20 10 6 pms when deposited into the tip of the uterine horn. 

In another expenment, seventeen mares were randomly assigned to 1 of2 treatment 
groups- Group A (n=l 1) mares were inseminated with approximately 25 x 10' live sorted 
sperm in a volume of 1 ml. Sperm were sorted into a commercial skim milk semen extender 
(EZ-Mixin OF, Animal Reproduction Systems, Chino, CA). One mare failed to ovulate and 
25 was excluded from the study. Group B (n=l 0) mares were inseminated with approximately 25 
x 10' live sorted sperm in a volume of 1 ml. Sperm were sorted into EZ-Mixin + 4% egg-yolk 
(EY) Two mares (one from each group) were inseminated with 20 x 10' sperm because of 
time constraints with the flow cytometers. In both groups, inseminations were performed 34 
hr after GnRH adrmnistration and sperm were deposited into the tip of the uterine horn, 
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ipsilateral to the preovulatory follicle using a flexible plastic AI pipette. The location of the 
pipettes within the uterus was confirmed by transrectal ultrasonography pnor to semen 
deposition. Mares were administered cloprostenol (250„g i.m.) to induce.luteolysxs and 
monitored by ultrasonography every other day until a follicle ,30mm was detected, and then 
daily until ovulation was detected. GnRH (deslorelin 2.2 mg, Ovuplant®, Fort Dodge) was 
administered when the dominant follicle was * 35mm. Two stallions were used » tins 
experiment, one of which (Stallion A) was used in Experiment 1 . Freshly collected semen 
was extended 1 :1 in HBGM-3 and centrifuged for 10 minutes at 400 x g at 22°C. The 
supernatant was aspirated and sperm were incubated in 25^1 Hoechst 33342 at 400 x 10 
sperm/ml in HBGM-3 for 1 hr at 35°C and then diluted to 100 x 10< sperm/ml for sortmg. 
Sperm were sorted for sex chromosomes based on a difference in DNA content. Two 
MoFlo® flow cytometer/cell sorters equipped with an Argon laser emitting 1 50 mW power at 
352 and 364 nm, operating at 50 psi with HBGM-3 as sheath fluid were used for sortmg. 
Aliquots of sorted X and Y populations were reanalyzed for DNA and gave purities of 90 and 
84o/„ for X and Y, respectively. Sperm were collected at approximately 900 sperm/sec into 14 
mltubescontaminge^ 

(Group B). Collected sperm were centrifuged and suspended to 25 x 10' sperm/ml and 
immediately inseminated. Pregnancy was determined by ultrasonography at 12, 14, 16 and 30 
days post-ovulation, and fetuses were sexed 60-70 days post-ovulation without knowledge of 
the sex of the sorted sperm inseminated. Pregnancy rates were not different between stallions 
(Stallion A = 3/10, 30%; Stallion B =5/10, 50%) (P>0.1), so the data sets were combined. 
Although there was no difference in pregnancy rates between sperm treatments (EZ-Mrxm = 
3/10 30% versus 4% EY+ EZ-Mixin = 5/10, 50K) <BX>. D this may not ultimately prove to 
be true. At day-60, 5/20 (25%) mares were pregnant; fetuses were sexed and the phenotypic 
25 sex ratio was predicted perfectly, five out of five. 

This trial has demonstrated for the first time, that pregnancy in the mare can be 
achieved, and foals of predetermined sex can be obtained, following non-surgical 
insemination with sexed semen. This is explained in the following discussion. InaddxUon to 
the extent they may be helpful, more general sexed insemination aspects and those applicable 
30 to equines specifically are discussed in PCT Publication No. by the owner of dus 
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application. Further, the original disclosures of this invention are set forth in United States 
Patent Applications, serial numbers 60/094,720 and 60/1 13,143. Each of these pnor 
documents are hereby incorporated by reference for convenience. 

Thus, an object of the invention is thus to achieve artificial insemination of equines in 
a field environment with no need to resort to surgical procedures. Further, a goal is to 
provide the ability to use lower dosages in a manner which works under realistic commerce! 
circumstances and which yields pregnancy success probabilities which are comparable to 
traditional equine dosage success rate, An object is also to achieve better sorting for equme 
sperm cells. A parallel goal is to provide substances and techniques which are especially 
suited for equine sperm cells when being separated into X- and Y-chromosome bearing 
components. Thus a goal is to achieve a sorted result which is consistent with unsorted, high 
dosage expectations. 

A goal is also to present an overall system for equine artificial insemination which can 
achieve its objects in a commercially practical manner. Sorting in a manner which affords 
both high speed and low stress equine sorting, and which is especially adapted for equine 
sperm cell sorting in a low dose context is an important goal as well. 

Naturally further objects of the invention are disclosed throughout other areas of the 
specification and claims. 



IV. BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a diagram of a sorter system according to a flow cytometer separation 
technique for the present invention. 

Figure 2 is a diagram of the entrained cells in the nozzle just prior to the free fall area 
of atypical flow cytometer. 
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V. BEST MODE FOR CARRYING OUT THE INVENTION 

As will be seen, the basic concepts of the present invention can be combined and 
embodied in a variety of ways. The invention involves commercially practical low dose, 
sexed equine artificial insemination and the results. For flow cytometry separation 
techniques, the invention also involves both improved flow cytometer systems as well as 
systems for the creation of sex-specific equine sperm samples which may be used m equme 
artificial insemination and the equids produced by such techniques. It discloses overall 
processes through which high success rates are possible even in commercial equine 
environments. Furthermore, the techniques are disclosed in a general fashion so that they 
may be applied to specific systems and applications once the general principals are 
understood. While device enhancements are disclosed it should be understood that these 
enhancements not only accomplish certain methods but also can be varied and combined m a 
number of ways. Importantly, as to all of the foregoing, each of these facets should be 
understood to be encompassed by this disclosure. 

When considering the sex selection aspect of the invention, the basic goal is that of 
separating the X-bearing sperm from the Y-bearing equine sperm in a way that then can be 
used to artificially inseminate the mare with high success rates. Preferably this insemination 
would not require surgery. The separation phase is preferably done in a manner which 
isolates the two types of equine sperm so that each can be separately packaged and dealt with. 
At present the isolation is preferably done through the use of flow cytometry. Flow cytometry 
in general is a technique which is well understood. For instance, the basic aspects of it are 
shown and discussed in a variety of patents to Cytomation, Inc. such as the U.S. Patents and 
other publications listed earlier. In addition, some details as applicable to equines and other 

species are disclosed inPCT Publication^ • Each of these publications and 

the references cited therein, are incorporated by reference so those skilled in the art can easily 
understand the basic principles involved. 

In general, it should be understood that during meiosis in the testis, the sex 
chromosomes segregate into individual spermatids and haploid spermatozoa carry either the 
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X or Y chromosome. There is a 50:50 ratio of X- to Y- bearing spermatozoa in the semen, 
and fertilization of an X-bearing, haplold oocyte by either an X-or Y-bearing sperm 
determines the sex of the embryo. A 50:50 ratio exists because X- and Y-bearing spermatozoa 
are made in equal numbers and are phenotypically identical. The desire to alter this 50:50 
ratio and predetermine the sex of mammalian offspring has been of great interest to the public 
for many years. There are numerous benefits to sex preselection in equine animals. Sex 
preselection has also been used to produce females when heritable X-linked diseases are an 
issue. Unlike humans and most farm animals, the advantage of sex preselection in the horse 
can also be purely one of preference to the breeder/owner and there has been considerable 
interest expressed by members of certain breed registries. 

For years, numerous attempts to separate X- from Y- chromosome bearing 
spermatozoa have been made based on physical and chemical properties of sperm. Johnson 
(referenced earlier) tested these methods and found that the only method proven effective was 
based on a difference in DNA content of the spermatozoa. No other method based on a 
physical difference within the spermatozoa or on surface properties has been proven effective 
in separating X- from Y-bearing spermatozoa. Within equines, DNA content of mammalian 
X- and Y-chromosome bearing sperm differs by 4.1%. This difference in DNA content can 
be used to separate X- and Y-chromosome bearing spermatozoa after staining sperm with a 
fluorescing, DNA binding dye followed by flow cytometry. 

Modem flow cytometry/cell sorting technology was first developed by Fulwyler in 
1965. Flow cytometry has mainly been used in medical research and diagnoses with respect to 
blood and tumor cells, but can also be used to evaluate many types of cell suspensions 
including sperm cells. Essentially, flow cytometry as applied here involves sorting equine 
sperm cells, which are provided to the flow cytometer instrument through some type of cell 
source. A conceptual instrument is shown in Figure 1 . The flow cytometer instrument 
includes a sample input, here an equine sperm cell source (1) which acts to establish or supply 
equine sperm cells or some other type of item to be analyzed by the flow cytometer. The cells 
are deposited within a nozzle (2) in a manner such that the cells are surrounded by a sheath 
fluid (3). The sheath fluid (3) is usually supplied by some sheath fluid source (4) so that as 
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the equine sperm cell source (1) supplies its cells, the sheath fluid (3) is concurrently fed 
through the nozzle (2). In this manner it can be easily understood how the sheath fluid (3) 
forms a sheath fluid environment for the equine sperm cells. Since the various fluids are 
provided to the flow cytometer at some pressure, they flow out of nozzle (2) and exit at the 
nozzle orifice (5). By providing some type of oscillator (6) which may be very precisely 
controlled through an oscillator control, pressure waves may be established within the nozzle 
(2) and transmitted to the fluids exiting the nozzle (2) at nozzle orifice (5). Since the 
oscillator (6) thus acts upon the sheath fluid (3), the stream (7) exiting the nozzle orifice (5) 
eventually and regularly forms drops (8). Because the cells are surrounded by a sheath fluid 
environment, the drops (8) may contain within them individually isolated cells or other items. 

Since the drops (8) generally contain isolated equine sperm cells, the flow cytometer 
can distinguish and separate droplets based upon whether or not the appropriate cell or cells 
is/are contained within the drop. This is accomplished through a cell sensing system (9). The 
cell sensing system involves at least some type of detector (10) (which may include two 
detectors at 90 degrees with respect to each other) which responds to the cells contained 
within each drop (8) as discussed at length in the seminal work (no pun intended) by Larry 
Johnson, namely, U.S. Patent No. 5135759. As the Johnson patent explains for sperm cells, 
the cell sensing system (9) may cause an action depending upon the relative presence or 
relative absence of a particular dye which may be excited by some stimulant such as the laser 
exciter (1 1). While each type of sperm cell is stained by the dye, the differing length of the 
X-chromosome and the Y-chromosome causes different levels of staining, Thus, by sensing 
the degree of dye present in the sperm cells it is possible to discriminate between X-bearing 
sperm and Y-bearing sperm by their differing emission levels. 

In order to achieve the ultimate separation and isolation of the appropriate cells in a 
flow cytometer separation technique, the signals received by detector (10) are fed to some 
type of sorter discrimination system (12) which very rapidly makes the decision and can 
differentially charge each drop (8) based upon whether it has decided that the desired equine 
sperm cell does or does not exist within that drop (8). In this manner the sorter 
discrimination system (12) acts to permit the electrostatic deflection plates (13) to deflect 
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drops (8) based on whether or not they contain the appropriate cell or other item. As a result, 
the flow cytometer acts to sort the cells by causing them to land in one or more collectors 
(14) Thus by sensing some property of the cells or other items the flow cytometer can 
discriminate between equine sperm cells based on a particular characteristic and place them m 
the appropriate collector (14). In the system presently used to sort equine sperm, the X- 
bearing sperm droplets are charged positively and thus deflect in one direction, the Y-beanng 
sperm droplets are charged negatively and thus deflect the other way, and the wasted stream 
(that is unsortable cells) is uncharged and thus is collected in an undeflected stream mto a 
suction tube or the like. 

Referring to Figure 2, the process can be even further understood. As shown in that 
figure, the nozzle (2) emits a stream (7) which because of the oscillator (6) (not shown in 
Figure 2) forms drops (8) (not shown in figure 2). Since the equine sperm cell source (1) (not 
shown in Figure 2) may supply equine sperm cells (15) which have been stained accordmg to 
the Johnson technique, the light stimulation by laser exciter (1 1) and differentially determined 
state as sensed by detector (10) canbe used to create the existence or nonexistence of a charge 
on each drop (8) as it separates from stream (7). This is all controlled by the flow cytometer. 
This control results in positively charged, negatively charged, and uncharged drops (8) based 
upon their content. As shown in Figure 1, certain drops are shown as deflected drops (16). 
These deflected drops (16) are those containing sperm cells (15) of one or the other sex. They 
; then deposited in the appropriate collector (14) for later use. 



are 



As shown in Figure 2, the equine sperm cells (15) may be injected into the sheath 
fluid (3) by a needle or injection tube (18). As those skilled in the flow cytometry arts 
understand, this injection tube (18) can be shaped so as to achieve hydrodynamic focusing 
and orientation so that both the tail and/or the flatter side of the equine sperm cells (15) are 
properly oriented. It may even produce a ribbon shaped sample core stream as shown. This 
can be important since the ninety degree flourescence intensity can be viewed as proportional 
to sperm head orientation and the zero degree floursecence intensity can be viewed as 
porportional to the sperm DNA content. 
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High resolution flow cytometric DNA analysis of equine sperm is difficult compared 
,o other cells because the highly compacted chromatin in the morphologically flat, paddle 
shaped sperm head, causes a high index of refraction. The difference in refractive mdex 
b etw«nti.es P ermheadand*esurroundingmedium, in combination wim me flat shape of 
me sperm head, results in more emission of fluorescence through the plane of the cell (from 
me edge of me sperm head) than a, a 90= angle to the plane. Proper orientation of the head .s 
critical for high resolution sorting. Others have investigated methods of controlling the 
orientation of sperm heads flowing inastieam and found mat a beveled inject mbe (18) 
was effective in subjecting cells to planar hydrophobic forces as the cells flowed out the end 

me flat head of the sperm in the same manner. Other, more complex, physical prmcrples are 
often applied to orient sperm as well. 

As mentioned, spermatozoa that undergo the sorting process are stained with the 
fluorochrome stain Hoechst 33342, chemically known as bisbenzimide. The dye is added to 
the sample at approximately 9^M in a 1 ml volume containing 400 x 1 0< sperm, and may be 
incubated at 32-35 °C. Hoechst 33342 is non-toxic to sperm, and does not significantly alter 
spermmotility. Hoechst 33342 binds to the A-T regions of the DNA helix. Since the sortmg 
process is more productive if dead sperm are not collected, a molecule which quenches the 
Hoechst 33342 fluorescence and marks dead sperm can be added to the stained sample. Food 
coloring is one example of a nontoxic molecule that has been used. The process is then that 
fluorescently stained spermatozoa are introduced under pressure (e.g. 50 psi) m liquid 
suspension to the flow cytometer. The sperm enter the sample insertion tube and are oriented 
in one way or another, perhaps as they exit the beveled end of the tube into sheath fluid. The 
stream containing the sperm intersects an Argon-ion laser beam, in ultraviolet (35 1 and 364 
nm) wavelengths at up to 200 mW of power. Approximately 7% of the drops contain a sperm 
cell when the sample is at 100 x 10* sperm/ml. The fluorescently stained nuclei are excxted 
by the laser beam, giving off fluorescent signals proportional to the amount of DNAbound to 
the dye. 
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A modified commercial flow sorting system was used to analyze and sort spermatozoa 
based on DNA difference, As mentioned, the fluorescent signal from the sperm edge (90° 
angle from laser emission) is brighter than that emitted from the flat side (0° forward 
detector). The edge emission is used to characterize the orientation of the sperm heads as 
they pass the laser beam. The emitting light is collected by the 90° detector, and properly 
oriented sperm are recognized. Sperm that are not oriented properly give off less light and are 
electronically gated out of the analyses often, because of the lack of proper orientation, the 
majority of sperm are not separated into X or Y enriched populations. Also, many sperm 
cells that are properly oriented are not sorted because of the distributions of fluorescence 
overlap An optical detector and a photomultiplier tube (PMT) can be used for the 0° 
detection of fluorescence, which is proportional to the DNA content of properly onented 
sperm The PMT's collect the fluorescence emitted by the sperm and convert the optical 
signal into a proportional electronic signal, which is amplified by me PMT for further signal 
processing and graphic display. Electronic gating enables selection of signals from the 0° 
forward detector only for properly oriented sperm; this results in the ability to differentiate 
between the DNA of X and Y sperm. By setting the electronic sort windows around the 
resolved populations, X- and Y-bearing sperm are separated into two tube, Two optical 
detectors collect the light given off, and circuits are activated which add a chargmg pulse (+ 
or -) to the drops containing the respective X- or Y-bearing sperm. As the individual sperm 
droplets fall, they pass an electrostatic field that pulls the charged droplets containing sperm 
into separate tubes which contain "catch fluid" extender as a temporary holding medium until 
the sperm are further processed. 

Spermatozoa samples which have been separated into X- and Y-chromosome- 
enriched samples can be reevaluated for their purity using flow cytometric analysis for the 
DNA content of the individual sperm. In the past, the only valid method for verification of 
separation available was to determine the sex ratio of the offspring which is untimely and 
expensive. Re-analyses using flow cytometry reduces not only time and cost, but increases the 
precision. 
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With advances it is anticipated that the percent of sperm that are oriented properly as 
m e droplets pass the laser can increase, resulting in increased sorting rates from 10C Htve 
sperm/s of each sex to rates baween 1000 and 1500 live sperm/s of each sex a, - 90/.. Tins 
increase in the sperm sorting rate would he helpful to make i, more practical to utthze sexed 
semen in an equine artificial insemination program. 

Others have reported using the amount ofDNA in sperm as a marker for sex 
preselectionarrisubseouentbirmtara^^ . 
insennnation.S P err«atezoawereseparated^^^ 

with a flow cytometer/cell sorter. Sorted sperm were surgically inseminated into the uterus. 
From does inseminated with fractions enriched for Y-bearing sperm, 81% of offspring bom 
were male; fractions enriched for X-bearing sperm resulted in 94% femaies . Thns the sex 
ratio was significantly altered from 50:50. This phenotypic (and genotypic) ratio was 
accurately predicted based on the reanalysis for DKA from the sorted populations, winch 
showed purities of 81% for Y-bearing sperm and 86% for X-bearing sperm. Tnts was 
followed by publication of experiments in swine, and cattle. In vitro fertilization has be-m 
used to obtain pregnancies in cattle using sexed semen. For example, one researcher 
transferred twin embryos into each of 9 heifers. Four heifers became pregnant and 6 calves 
were bom, all ofthe predicted sex. These results show that viable sperm can be separated mte 
X- and Y-chromosome bearing populations and retain their capacity for fertilization and 
producing normal progeny. Pregnancies following » v«™ fertilization (TVF) with X- and Y- 
bearing sperm have also been obtained in swine and rabbits. Recently, bovine embryos hane 
been produced by IVF with sperm sorted by high speed flow cytometry, but embryo transfers 
were not done. 

Using sorted-sexed equine sperm in a laboratory environment, one researcher 
performed two experiments to determine pregnancy rates with intracytoplasmic sperm 
injection (ICSI) into equine oocytes or oviductal insemination. Thirteen injected oocytes 
developed to the 2- to 3-cell stage, 8 to the 4- to 6 cell stage and 2 oocytes developed to the 7- 
to 8-cell stage. One embryo was transferred at the 7- to 8- cell stage, but no pregnancy 
resulted. In the oviductal insemination experiment, two mares were inseminated by 
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cannulation of the fimbriated end of the oviduct with 50 * containing 1 .5 x 10* sorted X- 
bearing sperm. One pregnancy was detected and the mare produced a female foal. 

One of the aspects of flow cytometry which is particularly important to its application 
for equine sperm sorting is the high speed operation of a flow cytometer. Advances have 
been particularly made by the flow cytometers available through Cytomation, Inc. under the 
MoFlo® trademark. These flow cytometers have increased sorting speeds extraordmanly and 
have thus made flow cytometry a technique which is likely to make feasible the commercxal 
application of equine sperm sorting (among other commercial applications). They act to 
achieve high speed sorting, that is at a speed which is notably higher than those otherw.se 
utilized. Specifically, Cytomation's MoFlo® flow cytometers act with oscillator frequenc.es 
of greater than about five kilohertz and more specifically can be operated in the 10 to 30 or 
even the 50 kilohertz ranges. Thus droplets are formed at very high frequencies and the cells 
contained within the sheath fluid environment can be emitted very rapidly from the nozzle 
(2) As a result, each of the components such as the nozzle (2) oscillator (6), and the like 
which make up and are part of a flow cytometer system can be configured or selected to result 
in a high speed cell sorter. In the application of a high speed cell sorter to the sortmg of 
sperm cells, sorting at rates of greater than about 900 sorts per second is achieved. 
Importantly, it should be understood that the term "high speed" is a relative term such that as 
other advances in flow cytometry and specific applications are achieved, the aspect winch is 
considered "high" may be varied or may remain absolute. In either definition, the general 
principle is that the sorting may occur at rates at which the parameters and physical 
characteristics of the flow cytometer are significant to the cells themselves when sorting 
particular cells such as equine sperm cells. 



One aspect of high speed sorting which appears to come into play when sorting equine 

sperm i 



t cells through a flow cytometer separation technique is that of the pressures and other 



stresses to which the equine sperm cells are subjected within the flow cytometer. For 
instance, when operating at high speeds (and an alternative definition of "high speed"), flow 
cytometers can be operated at a pressure of 50 pounds per square inch and even higher. 
These pressures may be considered high because they may result in effects upon the equine 
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sperm cells being sorted. THe key as disclosed in the present invention for this facet is the 
fact that the stress thresholds of the particular cells are the detaining factor. Additionally 
as further knowledge is gained it may be shown that the stress thresholds are a function of 
combined effects such as the particular species or the particular prior or subsequent handhng 
of the equine sperm cells. The key in this regard is that the stress imposed upon the equme 
sperm cells can, in fact, alter their viability and their ability to achieve the desired result. Tins 
may be unusually true for equine species. In the pressure case, it may be that merely 
subjecting the sperm cells to a higher pressure as a result of the operation of the flow 
cytometer at that pressure may result in decreased performance of the equine sperm cells. 
The present invention in one regard acts to minimize these stresses and thus results in greater 
efficacies as well as lower dosages as discussed later. 

In considering the stress aspect of the equine cells, the present invention acts in a 
fashion which minimizes the stresses. These stresses can be minimized at any pomt m the 
over-all cycle or process of collecting, sorting or even inseminating the animal. Importantly, 
the stress imposed by the handling of the cells within the flow cytometer appears significant 
for equine species. In one embodiment of the invention, the sheath fluid is specifically 
selected so that it can serve in a coordinated fashion with both (or either) the pre-sort cell 
fluid environment or the post-sort cell fluid environment. Thus the present invention acts to 
minimize the changes through the type of operation or the selection of substances winch may 
act as a means for minimizing the changes which the equine sperm cells experience. For the 
sheath fluid, a substance is selected according to one embodiment of the invention so that it 
may be chemically coordinated to present nunimal changes. Thus, by selecting the 
appropriate sheath fluid not only in context of flow cytometry parameters, but rather also « 
context of the equine sperm cell and equine artificial insemination parameters themselves, the 
changes experienced by the cells and the over all result of the sorting can be enhanced. 
Interestingly, for equine sperm cells, it has been discovered that a hepes buffered medium 
such as a hepes bovine gamete medium - particularly HBGM3 as previously created by J. J. 
Parrish for a bovine application - works well. This medium is discussed in the article 
"Capacitation of Bovine Sperm by Heparin", 38Biology of Reproduction 1 171 (1988) 
(hereby incorporated by reference). Not only is this surprising because it is not the same type 
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of use as for bo™, sperm, bu, the ac.ua! buffer, was original* dcveioped for a bovine 
appUcatio, Thus in .he equine application fte shea* fluid is seized whteh conoms fte 

hepes buffer. 

fac. of propers tieating «he ce..s bo* chemic^y and physical* after «^ - " 
shown 1 figure 2, .he C.s wiftin drops (8) .and in co.iec.or (.4). The coflecter fund (17, 

sleeted so as .o provide an easier reception as weh. For equine spenn ceUs, .he ce„s may be 
coUected in a commercia. sldm milk extender such as fta. from EZ-Mixin, Annua. 
ReproductionSys.cn., Chino,CA. Even .hough intended for a differen. prupose, tins 
extender can be used as fte Section fluid for equine sperm ce.., Further, ft. collection 
fluid may include 4% egg yolk as well. 

<ha.ofuti.izing.ow dose amount of sperm for artificia. insenunation or *e Addmonai 
Aground on ft. aspec. of sexed, artiflcia. insemination may be found .n Prospect for 
Sorting Mancunian Sperm" by Rupert P. Amman and George E. Seidel, Jr., Co.orado 
AssocLd Univercity Press (.982) and in fte previous* referenced PCT pubhcation, each 
h ereb yta corpora«e4byreferencc. As mentioned earner, naural insenunation in equates 
involves numbers of sperm on fte order of a bi.Hon of spern, Routine amfical msenunation 
is presentiy conducted wift two hundred-fifty miUion or more sperm for eouine spec.es. By 

less ftan one-quarter or preferab.y even , ess ftan abon. .0% or 5% of fte .ypica. number of 
spermprovidedinawica.eouinearti.icia.insemina.ionevent Thus,fteterm .owdo* . 
,„ be viewed in fte context of fte typical artificial insemination dosage or abo as an absolute 
number. The absolute numbers may be species dependent of course. For equine spec.es 

low dose process. 
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Ye , another aspect which may be important is the fact tat the sperm sexed through 
represent mvention techniques (or otherwise) is utilised in an equine artificia. insenunation 
system. Thus when, for a flow cy*m«er technique, the Sector (U) is used to prov.de 
sperm for artificial insemination the techniques of the present invention may be particularly 
Levant Further, it is possible that the combination of both equine artificia! insemination use 
andtheuseinalow dose environment may togemer cre, K synergies which makes the vanous 
techniques of me present invention pax.icu.arly appropriate. Naturally, the sexed sperm cm 
be utilized no, jm^^o^^o^Mi^M^^m^ 
fertilization and the like. 

The process of collecting, sorting, and eventually inseminating an animal through the 
use of a flow cytometry sorting, or other separation technique, involves a variety of step, In 
the context of equine insemination, first the semen is collected from the stallion. Semen may 
he collected from stallions of known high fertility immediately prior to placed msemmatton. 
This may occur with a Colorado model artificial vagina (Animal Reproduction Systems, 
Chino CA) equipped with an in-line gel filter. Ejaculates can then be evaluated for gel free- 
volume, motility and spermatozoal concentration. Semen can be then extended wxth a 
commercial skim-milk glucose extender (EZ-Mixin, OF, Animal Reproduction Systems, 
Chino CA)to either 25 x 10^pms/ml (n=51) or 5 x 10^pms/ml (n=10). Semen may be kept 
at room temperature until inseminations were performed, shortly after collection. Stammg 
may be accomplished according to a multi-stained or single-stained protocol, the latter, the 
subject of the Johnson Patent and related technology. 

After adding the stain, dilution or extending to the desired sort concentration may be 
accomplished. Sorting according to the various techniques discussed earlier may then be 
accomplished from which sperm cells may be recovered in the collection phase. 

An optimal number of motile spermatozoa per insemination dose to maximize fertility 
with prior techniques has perhaps been well established in species such as swine, sheep, and 
cattle. With the present invention, the minimum number of motile spermatozoa seem to be 
much less than the 250 to 500 x 10* progressively motile spermatozoa (pms) usually 
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_ended. Under idea, condition,, mares had even been inseminated 

Jlinated over three cyc.es with 10. or 500 x 10< pms and achieved pregnancy rates of 

63 9 and 75%, respective*.) H» F«— to » tion — """"^ 
possible - and that the lower numbers can be achieved in a field environment. 

Although the difference was not significant, in one experiment pregnancy rates for 
me 100 and 500 x 10' treatments for cycles 1, 2, and 3 were 25 vs. 39, 33 v, 45, and 28 » 
25% respectively. Notably, others have reported an incrc.se in foaiing rate when me number 

improvement was observed whenthe number of spermatozoa was tncreased* 160x .In 
an experiment using two groups of .4 subfertile mares, one researcher found no d-fference 
between treatments utilizing 100 or 500 x 10* motile sperm^ozoaper msenunation (35.7 vs. 
42 9% respectively). Later, tire same researcher reported pregnancy rates after breedmg over 
^ cycles from mares inseminated wim 50, 100, and 500 x 10* pms of 41.7, 65 .6 and 
81 3%, respectively, from data averaged from several experiments. Ye, another m me art 
inseminated mares (over three cyc.es) with 50 and 500 x I0> pms and found a sigmfican, 

ofthe inventors supe^vulateu mares with eo^me » 

mares one time with 50x 10* pms. Pregnancy rates w«e no, different between me mares 
treated with EPE and the saline controls (65 and 55%, respectively). 

In existing routine equine artificial insemination, though mere appears to be little 
difference in fertility between 100 and 500x 10' spermatozoa per insemination dose, 500 x 
10* pms is generally recommended to provide maximum fertility. However, when proper 
artificial insemination techniques weree utilized, 100 x 10* pms from a highly fertile stalhon 
was also believed ,o be the minimum adequate with the prior techniques. In <he more 
accepted cirumstance, when performing routine artificial insemination (AI) wth fertile 
scions and mares, 500 x 10> progressive* motile sperm/dose inseminated every other day 
while mares are in estms has been reported to res* in maximum fertihty. As alluded to 
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earlier the problem with this is simple, insemination * >° W — *• " 

A. mentioned earlier, currenuy, i« is possible • <«- 10 °° ^ 

,ive sperm/second (3.6 x .0*) of each sex chromosomal composition when sortrng 

tapractical.oob^inSOOxlO'spennto.weresor.edforsexchromosome.foran 
^nation a, 3.6 x 10< sperm/hou, The goal therefore, was to achieve leaser — of 

lieve pregnancy ra.es in mares inseminated on a single occasion. Cose to owlation, wth as 
low as 25 or 5 x 10' or lower progressively motile spermatozoa (pms). 

ThenormalstallionejaculatecontosanaveragevolumeofSOnn. Thetfallion 
deposits this high volume of semen directly in. the uterus of the female, to anodes 
0, ar) which plates several hundred ml of semen, only 0.5-0, m, emers each » 

istnmu s. Therefore a specific volume of semen is established in the isthmus and the 
remaining content is rapidly eliminated. 

For artificial insemination, the number of spermatozoa in an insemination dose can be 
critical. Seminal extenders are often used to dilute raw semen to provide .arger and more 

casiiy managed i^^^**!**^^^ 10 ^*"* 

of semen is generally recommended although, now, perhaps depending on the concentrate 
of spermatozoa, small insemination volumes car, prove to be as effective as ,arger voiume. 
AHhough the concentration was no. specified, insemination volumes ranging from 0.6-26 8 
m) of semen did no. adversely affect fertility when the effects of inseminating 10 or 50 ml 
volumes of ex.cnded semen on embryo recovery ra.« were smdied in mares. Bu.bas« on 
mis experiment, mere was a reduction in embryo recovery rates from mares insem.na.ed wth 
a50 ml volume of extended semen compared* a 10 ml volume whenboft contacted an 
equal number of pms. The reduced fertility may have been due to the increased volume 
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tas^oroou.dMvebeendue.o^a^^atozoaconc^cnstaceitwas 

1/5* that of the 10 ml volume (5 vs. 25 x 10 6 ). 

Further experiments were conducted ,0 determine: 1) embryo recovery rate when 
milk extender and 2) embryo recover rate when mares were insenunated wtth 250 x 10 pms 
1 showed a different in embryos recovered only be^een mares msemtnated wtfh 10 (40 /.) 

nraresinseminatedwith 10 ml (70.6%) compared*, 100 ml 03%). Thus, ins— n 
volumes of 100 or 200 ml were associated with .ower embryo recovery rMes man a 10 ml 
volume, probably due to the lower sperm concentration or retrogmde !oss of sperm tnto the 

vagina. 

They conduct a smdy to testwhether volume alone affects fertility when sufficient 
concentrations and numbers of spermatozoa are present. They conc.nded that mere was no 
differencebeWeenmaresmseminatedwimeimerSOoriZO ml of cooled seme, a, a 
concentration of 50 x>0< pmsMtl. This approach, however, is no. followed by the present 

invention to some degree. 

Timing and frequency of insemination can play a very important role in most breeding 
operations, especially when frozen or shipped-coo.ed semen is invdved. The number and 
timing of inseminations c*n affect fertility. The average mare ovulates every 21 days dunng 
the physiological breeding season, and the average duration of estrus during this time » 5- 

,„ the stallion. Under natttral conditions when a sWlion was introduced ,0 a herd of 20 mares, 
menumberofbreedingperhourof observation was2.4 * 0.2. Stallions often breed the 
same mare multiple times per day (under natural conditions). In one study, 20 mares were 
synchronized and placed in a pastirre with a stallion and observed for 9 day, The stalnon 
mated 9.12 times per day and settled 17 of 18 mares. 
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Researchers have also compiled data over multiple breeding seasons comparing the 
effect of me numberofinseminatio „s „n pregnancy ra^. More mares hecarne preg^t when 
inseminated five times (68%) more man mares that were inseminated three times (35.9 /.) 
duringcycle 1. No omer differences were no^m regard ,0 number of insennnations on 
pregnancy rates during cycle 1. There was no difference in pregnancy rates dunng eye es 2 
and^ when mares were inseminated one to seven time, More marcs became pregnant who, 
inseminated 5 times (60%) man mares inseminated 1 (23.5%). 2 (35%), or 3 times (35.5 M 
over3oyc 1 es. When considering all 3 cycles, mares mat became pregnant were msenunated 
an average of 3.3 times, which was more than the average of 2.8 times for mares no. 
becoming pregnant. 

,, has also been determined that multiple inseminations per cycle were not detrimental 
W fertility. In one study, data were collected from 257 mares over a 10-year penod to 
estabbshme relationship betweenme number of inseminations per cycle, duration o estins 
and pregnancy rates. Mares were inseminated with 100 x 1* spermatozoa. First cycle 
pregnancy rates of 22.0 23.0, 38.6, 52.5, 58.3, and 52.2% were achieved when mares were 
inseminated .,2,3, 4, 5, or 6 or more times per cycle, respectively. Fewer mares became 
pregnant after three cycles when inseminated 1-4 times per cycle man mares insemmated * 
12 times per cycle. Another study inseminated 62 mares over three cycles every 48 hours 
during estius with 200 x 10* pms for a maximum of three inseminations. Inseminations began 
when a follicle 2 30mm was detected and continue* until ovulation. Fertility per cycle was 
45% and was not different if two or more inseminations were done per cycle as compared to 
one insemination per cycle. They also determined that the highest pre^ancy rates were 
achieved with inseminations performed between 48 and 72 (8/23) or 72 and 96 hours (8/23) 
before ovulation and that the last insemination was not the fertilizing one at least 51% of the 
time. Overall, when performing routine AI with fertile stallions and mares, 500 x 10 
pms/dose inseminated every other day while mares are in earns results in maximum fertihty. 
With the present invention, much lower numbers are now possible. 

Induction of ovulation at a specific time in the mare may be advantageous for the 
Mowing reasons: to ensure that ovulation will occur within 36-48 hours of mating 
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eliminating fenced for rebreeding, W «- «* -led, frozen or sexed se»en when 

S is 1- * — - — «"* <C) " — ^ "* 3 8 are 

IT. ovulation is needed when utiHzing subfertile scions or mares, (d> to — ^ 

at the same time. +^+1,^ 
Human chorionic gonadotropin (hCQ) is produced by the cytotrophoblas. of the 
chorionic vi.H of the human p.acenta. is a glycoprotein hormone composed of two subunrts 
Lf,) which are linked together no»-cova,ent.y. I.has ahaif-iife of 8-12 hours .nbiood. 

UseofhCOfor inducdonof ovuiation during the estrous cycle of the mare was first 
reported in .937 by Mirskaja and Petropaviovski. They found that „— 
L 48 hours after injection of crude extract of human pregnancy urine (Projected 
I! the fir. day of estrou, Further studies have shown that when hCO (.500-3300 1* » 
Z L in a L during eariy est™, it mimics .uteres hormone (LH) activity and tnduces 
'^generany — 2~8hours. ^-^'f^™^ 
notdecreased fertility. However, some researchers did find tha, lugher doses <««^ 
rutted in productive disorders and a decreased pregnancy r*e. Although the use 
can be very effective in inducing ovulation, several researchers have shown that 
annrinistration of hCO over several conserve estrous cycles can result in antibody 
formation, with mean 

duration of estrus and ovulation either the same as the control mares or 2 days .onger than 

controls. 

Native gonadotropin releasing hormone (GnRH) is a decapeptide synthesized in the 
hypothalamus and s^red in secretory granules of the median eminence. Upon release, GnRH 
enters the porta. sysfcm and is transported to tine anterior pituitary artd binds to receptors on 
gonadotrope cel.s where it stimulates synthesis and secretion of lutenizing hormone (LH) and 
fol Ucles,hnulatinghormone(FSH). Researchhas also been conducted onto use of native 
GnRH and GnRH analogues in which . or 2 amino acids have been modified on mducmg 
ovulation during estrus in the mare. 
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Pulsatile or continuous administration of native GnRH causes predictable ovulation. 
to o M study Hcyclingmares were infused with either sattne or 20 W GnRHinapulsaU.e 

days from stint of treatment to ovulation was less in marcs infused with 20 *g GnRH/hr 
compared to saline control mares or 20/*g GnRH per 4hr. It was concluded that pulsatile 
infusion of GnRH is effective in advancing ovulation, but the frequency of the pulse ts a 
critical variable. Native GnRH has also been used to induce follicular development and 
ovulation in seasonally anestrous mares. A short term implant which releases 1.5 or 2.2 mg 
of the GnRH analogue deslorelin causes ovulation within 36-48 hours when adnunistered to 
mares in estrus with a follicle >30 mm in diameter. 

One of the inventors has compared the effect of various doses of a GnRH analog 
(deslorelin acetate) implant, on induction of ovulation in cyclic mares and found that 
ovulation was induced in most mares within 48 hr after injection and there is no advantage of 
doses higher than 2.2 mg/mare. Outers have compared the use of hCG, buserelin (a GnRH 
analog) and luprostiol (a PGF 2 ct analog) for induction of ovulation in cycling mares. Both 
buslerelin and hCG shortened the interval from treatment to ovulation, whereas luprostiol 
failed to hasten ovulation. 

Equine pituitary extract (EPE) is derived from equine anterior pituitary glands. 
Preparation of EPE for experimentation as a crude gonadotropin has been described by 
Braselton and McShan (1970), and more recently by Guillou and Combamous (1983), each 
hereby incorporated by reference. EPE has been used in the mare primarily to induce growth 
of multiple follicles in cyclic or anestrous mares and for superovulation in the ewe. 

Use of equine pituitary extract as an ovulatory agent in the mare has been known. In 
studies, some have separated equine luteinizing hormone (eLH) and follicle stimulating 
hormone (eFSH) by hydrophobic interaction chromatography (fflC) and conducted 
experiments. In one experiment, LH activity in crude equine gonadotropin (CEG) was 
compared to LH activity in the HIC fraction on its ability to induce ovulation. Of 25 control 
7 ovulated within 48 h compared with 24/25 mares treated with CEG and 19/26 mares 



mares, 
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treated with LH. Another experiment was ^«"»™«**°*Z£L 

h n th ctouds were different when compared to the control gro p 

both groups wer „„ h „, were different ftom the control group. 

different between the two treatment groups but were drtteren 

• t^r, •mssnUremainste.nostcommonmett.od. However, smce there .s no 
injectton of hCG. Tins sfll reman. ^i^g either GnRH or hCG 

difference in pregnancy rates or tniung of ovulation when 

t cyCing mares, either treatment is an actable method for tnductng ovu.ahon. EPE 

technique for inducing ovulation. 

Under na^ra! ma«ng conditions, the eo>ne ejacula* is deposited ^ ~ 
of the mare. SpaLanzani was firs, to report arnncia. insemination (AD •» dogs, and then 

i Hank laparotomy), or deep intra-uterine nonsurgical insermnafon. 

Laparoscopic intra-utenne insemination has evorved as me leas, invasive technioue for 
aeposiUng semen directly into the uterus of sheep and goats since the ear,y 1 970 a 
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ewe 



.„ . and goat with high fertility compared to traditional AI. Laparoscopic intra-uterme 
insemination has also been successfully reported in the ferret, domestic cat, tiger, cheetah 
and leopaxd, and most recently the possum and wallaby. Some advantages of laparoscope 
taction include: genetic improvement utilizing tmm semen, increased number of 
inseminations per ejection using lower sperm numbers, and higher fertility. The mam 
disadvantage of laparoscopic insemination is the higher cos. of the equipment and procedure 
(skilled labor, drugs, semen processing). This procure is also relatively invasive to the 
patient. 

Nonsurgical intra-uterine insemination with ewes is used in an attempt to increase 
fertility rates in species that are routinely inseminated in the cervix. One researcher obtained 
a 75% lambing rate following intra-uterine insemination, compared to 17% after deep 
cervical insemination, and 30% after double caudocervical insemination. In another study, a 
researcher deposited frozen-thawed ram sperm into three regions of the genital tract of ewes. 
In group 1 , a single intra-uterine insemination was performed, while in group 2, ewes were 
inseminated once deep in the cervix, and in group 3, ewes were inseminated twice, 12 hours 
apart in the caudocervical region; conception rates were 89, 45, and 57% respectively. Others 
reported similar results with intra-uterine insemination. Nonsurgical endoscopic insemmauon 
has also been performed in bitches resulting in high pregnancy rates. 

With oviductal insemination (01) a small volume of semen (usually 0.05-0.5 ml) is 
surgically inseminated into the oviductal lumen. One study mseminated nine gilts using 
laparoscopic insemination. Two of the nine (22%) gilts became pregnant from a single 
insemination. A more recent study in the ewe, determined the effects of number of 
spermatozoa, timing and site of insemination on fertility. In experiment 1, ewes were 
inseminated with 10\ 10 5 , 10 6 or 10 7 spermatozoa. Ova recovered 48 hours later were 
classified as fertilized if they had cleaved. Results showed that more ewes were fertile after 
oviductal than after intrauterine insemination (61 vs. 39%) and with high (10< and 10') rather 
than low (10 4 and 10 s ) doses of spermatozoa for intra-uterine but not for oviductal 
inseminations. Researchers at our facility have achieved for the first time, the use of 01 to 
obtain pregnancies in the mare. Fourteen mares were inseminated by 01 with 50 x 10> pms 
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and 15 were inseminated by intrauterine AI with 500 x 10' pms. Pregnancy rates were not 
different between groups 3/14 (21.4%) and 6/15 (40%), respectively. Oviductal insemination 
has also been successfully used to obtain pregnancies in women and rabbits. 

In cows, the site of seminal deposition during artificial insemination for the past four 
decades has been the uterine body. This is an acceptable technique when high numbers of 
fertile spermatozoa are available for insemination, but for equines - especially when limited 
numbers of sperm are available - an alternative approach has been developed. Deep 
intrauterine insemination is a technique that has been used to obtain pregnancies in cattle. 
One study compared pregnancy rates to AI when semen was deposited into the uterine body 
or into both uterine horns (cornual insemination). Pregnancy rates when semen was deposited 
into the uterine body were 44.7% compared to 64.6% with cornual insemination. However, 
not all studies show an advantage with this technique of insemination. 

As this invention shows, there can be a congruence of methods of sexing sperm based 
on DNA content, high speed flow cytometer/cell sorters, and procedures for inseminating 
equines with fewer than twenty-five million total sperm without compromising fertility which 
may result in the possibility of a viable non-surgical or even sexed semen industry in equines. 
Interestingly, rather than inseminating within the uterine body where such insemination are 
usually placed, by insemination deep within the mare's uterine horn, better results may be 
achieved. By deep, it should be understood that the insertion is placed well into the uterine 
horn. It may, but does not need to be done using the embryo transfer equipment. 

As a result of the insemination, it is of course desired that an animal of the desired sex 
be produced. This animal may be produced according to the systems discussed earlier 
through the use of the sexed sperm specimen. It should also be understood that the 
techniques of the present invention may find application in other techniques such as 
laproscopic insemination, oviductal insemination, or the like. As examples, the following 
experiments have been conducted. While not all use every aspect of the inventions described 
here, and do not show all the performance enhancements of the invention, they do show some 
enhancements possible through differing aspects of the invention. 
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Mares.- Sixty-one reproductively normal cycling mares of light horse breeds, ranging in age 
from 3 to 15 were used. Mares were administered cloprostenol (250 /zl i.m.) to induce 
luteolysis and examined by palpation and ultrasonography of the reproductive tract per 
rectum, every other day until a follicle > 30 mm was detected, and then daily until ovulation. 
Once a mare developed a follicle *35 mm, a gonadotropin releasing hormone (GnRH) 
implant (deslorelin acetate 2.2 mg, Ovuplant®, Fort Dodge, IA) was administered 
subcutaneously, and she was assigned to 1 of 3 treatment groups. 

T^t^^ntGropI - Mares were inseminated on a single occasion with 500 x 10 6 pms in a 
volume of 20 ml (25 x 10 6 pms/ml), either 40 hr (n=9) or 34 hr (n=l 1) after GnRH 
administration. Semen was deposited into the uterine body using a flexible plastic artificial 
insemination (AI) pipette (IMV, France). 

Tr* g t™tit Group 2 - Mares were inseminated on a single occasion with 25 x 10 6 pms in a 
volume of 1 ml (25 x 10 6 pms/ml), either 40 hr (n=13) or 34 hr (n=8) after GnRH 
administration. Semen was deposited at the tip of the uterine hom, ipsilateral to the 
preovulatory follicle, using a flexible plastic AI pipette. The location of pipette within the 
uterus was confirmed by transrectal ultrasonography prior to semen deposition. 

Treatment Group 3 - Mares were inseminated on a single occasion with 5 x 10 6 pms in a 
volume of either 1 ml (5 x 10 6 pms/ml), 40 hr (n= 10) or 0.2 ml (25 x 10 6 pms/ml), 34 hr 
(n=10) after GnRH administration. Mares receiving 1 ml were inseminated with a flexible 
plastic AI pipette, while mares receiving 0.2 ml were inseminated using a disposable implant 
gun (Veterinary Concepts, Green Valley, WI) containing a 0.5 ml plastic straw. Different 
insemination pipettes were used to optimize delivery of the two different volumes. Semen 
was deposited at the tip of the uterine horn, ipsilateral to the preovulatory follicle. The 
location of pipettes within the uterus was confirmed by transrectal ultrasonography prior to 
semen deposition. 

After insemination, mares were examined daily to determine the day of ovulation. 
Pregnancy exams were performed by ultrasonography on days 12, 14, and 16 post-ovulation. 
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Pregnancy rates were not different between two arabian breeding stallions (Stallion A = 
22/31 71 %; Stallion B = 15/30, 50%) (P*>.1), or between mares bred 34 vs. 40 hours after 
GnRH administration (19/29, 65% and 18/32, 56%, respectively) (P>0. 1), so the data sets 
were combined. As shown in Table 1, mares bred with 500 x 10'pmsin a20 ml volume had 
a significantly higher (PO.05) pregnancy rate than mares bred with 25 or 5 x 10« pms (Table 
1) There was no significant difference (P>0.05) in pregnancy rates between mares bred wnh 
25x10' pms and mares bred with 5 x 10 6 pms in a volume of 1 or 0.2 mis. Although 
fertility was significantly higher with 500 x 10 6 pms when compared to Group 2 (25 x 10 6 
pms), an initial rate of 57% was achieved with a single insemination. This was not different 
than pregnancy rates achieved with Group 3 (5 x 10 6 pms), 7/20 (35%). 

TahiP 1 Prftgnf n^y P«tes from « Single msernination —— — — 

500 x10* in 20 ml ^ 1 

25 x10 s in 1 ml vlnw* 

SxlO'inlml ffn/2£ff * b 

Values wrdi different superscripts differ (P<0.05), (Chi square) 

Table 1 

The timing of insemination relative to GnRH administration was changed from 40 to 
34 hr post GnRH during the experiment because many mares were ovulating prior to planned 
insemination, and therefore were not inseminated. Data from 22 mare cycles (26.5%) were 
excluded because they either ovulated prior to planned insemination (n=l 1), did not ovulate 
(n=3), or ovulated > 4 days after GnRH administration (n=8). 

The optimal number of sperm generally recommended per insemination dose is 500 x 
10 6 pms every other day while the mare is in estrus. However, as mentioned earlier, there 
have been studies that have shown no decrease in fertility when inseminating with 100 x 10* 
compared to 500 x 10 6 motile sperm. Studies with 50 x 10 6 motile sperm have shown a 
decrease in fertility when compared to 100 and 500 x 10*. Other studies have shown that as 
the number of inseminations increases, fertility increases. Unfortunately, results from these 
studies have been somewhat inconsistent. Therefore the present invention is directed toward 
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achieving the lowest number of sperm required to provide reasonable pregnancy rates when 
administered on a single occasion, close to ovulation. 

In Group 3, 20 mares were inseminated with 5 x 10* pms in a volume of either 1 ml (5 
x 10* pms/ml) (n= 10), or a volume of 0.2 ml (25 x 10« pms/ml) (n=!0). Pregnancy rates 
between the two sub-groups were compared because pregnancy rates have been reported to 
decrease when diluting semen to a sperm concentration of < 25 x lOVml. However, m tms 
experiment there was no difference in fertility between the two sperm concentrations. 

If a mare had already ovulated based on rectal palpation and ultrasound examination 
the morning of the day of planned insemination, she was not inseminated. Instead, 
cloprostenol (250 tf> was administered 5 days post ovulation to induce luteolysis so she 
could be reused. Pregnancies were terminated at day-16 by locating by transrectal 
ultrasonography and disruption of the embryonic vesicle. Cloprostenol (250 m i.m.) was 
then administered to induce luteolysis so they could be reused. 

Semen was deposited at the tip of the uterine hom for the two lower doses in this 
experiment. Seminal deposition deep into me uterine horn is particularly 
low sperm numbers in a low volume. The flexible insemination pipette was placed m the 
uterus per vagina and then slowly guided to the tip of the desired uterine horn by gentle 
manipulation per rectum. The location of the pipette was confirmed by transrectal palpaUon 
and ultrasound examination. 

An additional small, study was conducted at the end of the breeding season using five 
mares and one of the same two stallions. The objective of the study was to determine 
pregnancy rates with 25 x 10< pms deposited in the uterine body. Three of five mares (60%) 
inseminated on a single occasion with 25 x 1 0« pms 40 hr post GnRH administrate were 
pregnant at 16 d. 
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ta summary, .he results of these experiments showed that a day-16 pregnancy rate of 
S^wasachievedwithasingleir.erntaaUon.c.ose^o—.Witt.aSx .0 pmswhen 

deposited deep into the uterine horn. 

The objectives of the Mowing experiments were to .) determine pregnancy rates 
following insemination with 25 x 1* live-sorted, sexed spermatozoa deposited a, the tip of 
tlK uterinehomipsilateraltemepreovula^^^^ 
semen sorted into a skim milk extender with or without egg-yolk. 

M^-Sevettteenreproductively normal cyciingmares of Ugh, horse breeds, ranging 
from5to ,2yearsofagewereused. Mares were adrninistered cloprosteno. (250 « i.m.) to 
induce luteolysis and examined by palpation and ultrasonography of me reproductive tracts 
recum every other day nntil a follicle > 30 mm was detected, and men every day until 
ovulation. Once a mare deveioped a follicle ,35 mm, she was administered a gor^dotropm 
releasing hormone (GnRH) implant (deslorelin aceUte 2.2 mg, Ovuplant®, Fort Dodge, 1A) 
subcutaneously, and randomly assigned to 1 of 2 treatment groups. 

Treatment Group A - Mares (n-1 1) were inseminated on a single occasion with -25 x W 
live-sorted spermatozoa in a volume of 1 ml (25 million/ml), 34 hr after GnRH 
administration. Spermatozoa were sorted into a commercial skim milk semen extender (EZ- 
Mixin, OF, Animal Reproduction Systems, Chino, CA), and the same extender was added 
after centrifugation as a post-centrifuge buffer to adjust sperm concentration to 25 x 0 m, 
Sperm were deposited at me tip of the uterine horn, ipsilateral to the preovulatory folhcle, 
using a flexible plastic AI pipette (LMV, France). The location of pipette wimin me uterus 
w as confirmed by transrectal ultrasonography prior to semen deposition. One mare was 
inseminated with 20x10* live-sorted sperrr.tozoa because of time cor^raintswiur, the flow 
cytometer. One mare failed to ovulate and was excluded from the study. 

Treatment Group B - Mares (n=10) were inseminated on a single occasion with -25 x 10< 
live-sorted spermatozoa in a volume of 1 ml (25 million/ml), 34 hr after GnRH 
^stration. One mare was inseminated with 20 x 10< live-sorted spermatozoa because of 
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constraints with the flow cyto.ne.er. Spermatozoa were sorted into the same commerce! 
^extender^egg-yolk, and the same extender was added after centtifugation as a 
post-centrifuge buffer to adjust sperm concentration. Sperm were deposited at the tip ofthe 
uterine horn, ipsUatera! to tire p reovulatory follicle using a flexible plastic AI pipette. The 
location of pipette within tire uterus was confirmed by transrectal ultrasonography pnor to 
semen deposition. 

After insemination, mares were examined on a daily basis to determine the day of 
ovulation. Pregnancy exams were performed by ultrasonography on days 12, 14, 16, and 30 
and post-ovulation, and fetuses were sexed on day 60. 

>nl ^^^ Potion - Two stallions of Arabian breeding and known, high 
fertility were used in this experiment, one of which (Stallion A) was used in Expenment 1. 
Semen was collected the morning of planned insemination with a Colorado model artificial 
vagina (Animal Reproduction Systems, Chino, CA) equipped with an in-line gel filter. 
Ejaculates were evaluated for gel free-volume, motility and spermatozoa! concentration. 
Semen was extended 1 :1 in HBGM-3 with BSA and within minutes, transported at ambient 
temperature to the laboratory for further processing. The semen was centrifuged for 1 0 
minutes at 400 x g at 22°C to highly concentrate the sperm. After centrifugation, the 
supernatant was aspirated, leaving a soft sperm pellet. The concentration of spermatozoa was 
determined using a densimeter (Animal Reproduction Systems, Chino, CA) and spermatozoa 
were subsequently diluted to 400 x 10>/ml in HBGM-3 in a total volume of 1 ml, and stained 
with 25 iA Hoechst 33342 (5 mg/ml water). A total of eight sample tubes were prepared and 
incubated at 34»C for 1 hour. Next, the stained samples were diluted to 100 x lOVml with 3 
ml of HBGM-3. Food coloring (2 Ml/ml of 1% FD&C #40 in HBGM-3) was added to each of 
the eight sample tubes, resulting in a 4 ml total volume. The samples were then filtered 
through a 1ml, 40 micron filter apparatus into 6 ml polypropylene tubes and held at ambient 
temperature until approximately 25 x 10< live spermatozoa were sorted for DNA by flow 
cytometry. An argon laser, emitting 150 mW at 351 and 364 run, was used on each of two 
MoFlo® flow cytometer/cell sorters modified for sperm sorting, operating at 50 psi with 
HBGM-3 without BSA as sheath fluid. Spermatozoa were collected at approximately 900 live 



36 



_ PCTAJS99/17165 

WO 00/06193 

sperm/sec into a total of 6 polypropyiene tubes (.4 mis each) which contain* 4 m! catoh 
fluid b efo re *es B r,of S o rt mgof.iu 1 erEZ-M i xin®or4% egg- yolk m EZ-Mixin®. When 
two mares were available for insemination on the same day, bom X- and Y-ctaomosome 
enriched sperm were collected. Tube contents were mixed every 30 minutes during sorting. 
After sorting, sperm were pooled together from the two flow cytometors, placed in 50 ml 

men aspirated down to a 200*1 sperm pellet, and lOftd of post-centrifuge buffer of erther EZ- 
Mixhv® CST (Animal Reproduction Systems, Chino CA) or 4% skim milk-egg yolk was 
added to the pellet and transferred to a 50 ml preweighed Falcon tube. A hemacytometer 
count was done to determine final sperm coneentrationtal. The volume of sperm m the 
Falcon tube x sperm concentration/ml equalled the total number of sperm recovered. Samples 
were then diluted to a total of 25 x 10* live sorted spermatozoa in a volume of 1 ml wtach 
was used for insemination. 

rrrf|i ^ f c ram ^nNA content- The relative DNA content of the sorted intact sperm 
used for insemination was determined by flow cytometric analysis of sperm nuclex from a 
sample containing < 0.5 ml of each of the respective batches collected at the end of the day. 
Sperm nuclei were prepared from an aliquot of intact sorted sperm by sonication for 3 
seconds with an Ultrasonic Dismembrator 60 (Fisher Scientific) set at setting # 2 
(approximately 1 watt). The proportion of X- and Y-bearing sperm was determined by fittmg 
a pair of Gaussian distributions to the histograms from the 0° detector (Johnson et al., 
1987b). Reanalysis for DNA indicated an average sort purity of 90% for X an d 84% for Y 
chromosomebearing sperm for the 17 sorts. 

^^n^nation- Fetuses from mares pregnant 60-70 days post-oration were 
sexed via transrectal ultrasonography without knowledge of the sex of the sorted sperm 
inseminated. A real-time ultrasound scanner (Aloka 500®) equipped with a linear-array 5- 
Mhz transducer was used for sex determination. Fetal gender can be accurately (up to 99%) 
determined in horses and cattle by identifying and locating the genital tubercle (Curran, 
1998). 
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g^-l AnaWsis - Data were analysed using Fishers Exact Test 

Pregnancy rates at day 16 are shown in Table 2. Pregnancy rates were not different 
between stallions (Stallion A = 3/10, 30%; SUHion B - 5/10, 50%, (P>0. 1), so the data s«s 
were combined. There was no statistical difference in pregnancy rates between sperm 

^uUmay^talwaysbet^Thephenotypic^^ 
five out of five. 



Three mares lost their pregnancy 



sometime between 16-60 days post-ovulation, so 



fetal sex could not be determined. One mare 



inseminated with X- bearing spermatozoa was 



euthanized at day 66 of gestation due to a gastro-intestinal problem. A phenotypically normal 
female fetus (the correct sex) was detected at necropsy. 
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** Lost pregnancy prior to sex determination 
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EESIJLXS: Many attempts have been made during the past 80 years to separate X- and Y- 
chromosome bearing sperm. The only non-destructive method that has a proven record of 
accurately identifying X and Y chromosome-bearing sperm is flow cytometry/cell sortmg, 
thus making it possible to alter the sex ratio as desired. Sperm have been separated by flow 
cytometry/cell sorting to obtain pregnancy following surgical insemination in the following 
species: rabbits, swine, and horses. Surgical insemination was chosen in these experiments 
because of the necessity for minimizing sperm numbers due to the slow flow sortmg rate 
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(-100 sperm/sec) of X- and Y-bearing sperm and the apparent need for large numbers of 
sperm to establish a pregnancy. Production of X- and Y-bearing sperm per umt tune by 
means of high speed sorting and a newly developed orienting nozzle has increased sortmg 
rates to 10-12 times that of previous rates. This technology has increased the number of 
sorted sperm per unit time and has enabled researchers to obtain pregnancies 

surgical, intra-uterine insemination in sheep and cattle. 



non 



The present study was the first to obtain viable pregnancies in the horse following 
non-surgical, intra-uterine insemination with sexed semen. The pregnancy rate at day 16 
following insemination of 25 x 10» sexed spermatozoa (40%), was not statistically afferent 
(P>0 1) than that of mares in Experiment 1 inseminated with 25 x 10< non-sorted, 
progressively motile spermatozo a (57%). The insemination technique was the same m both 
experiments. The same mares and technicians were used in both experiments. Also, both 
experiments were conducted during the same breeding season, at the same time of year. 

Initial experimental pregnancy rates were slightly lower with sexed semen probably 
because of the amount of time it takes to sort 25 x 10< sperm and possible damage to the 
sperm by the process. In the experiments, the average time from semen collection to 
insemination was 7 hours. In the first experiment, mares were inseminated almost 
immediately after semen collection. The average total and progressive motility for the sexed 
spermatozoa was 69 and 38% respectively, and a total of only 25 x 10« live-sorted sperm cells 
were collected for Gemination. The sorting process is a very stressful procedure to sperm. 
Sperm are pumped through fine tubing at high pressure which causes them to exit at - 1 00 
km/hr and stored at ambient temperature for hours until adequate numbers of sperm are 
collected. Sperm are incubated for one hour at 35 °C with Hoechst 33342, which has a high 
affinity for AT-rich regions of DNA and then exposed to ultraviolet laser light at 351 and 364 
mn. Unlike many DNA-specific stains, Hoechst 33342 does not intercalate into the DNA 
helix While none of these processes is conducive to sperm health, no increased incidence of 
genetic abnormalities has been reported in the hundreds of offspring that have been produced 
utilizing this technology. 



39 



PCT/US99/17165 

WO 00/06193 

Of ancillary intent is te «^o to have propo^d another possMeexpUnanon 

sorted sperm. 

Three of eight mares (38%) insert with sexed semen lost their pregnanes 
^een 16-60 days. Two of these mares developed emhryonio vesieles which appeared 
formal until day 16. The vesicles then decreased in sizeunti. they wereno longer present 

^ eraswasohservedtoheaUvea.daySS.bntwaslc.sthydaySO.Wimtxesh.non-sor^ 

Zl days 20 and 50. A sperm staining and sorting procedure was used tn the present 
experiment It is possible that equine sperm are more sensitive to the staming and sorting 
1 5 procedures than bovine sperm. 

mare can be achieved, and foals of predetermined sex can be obtain* by deposttionof ataw 

20 Alprograms. ^mnM*-**"^^'*-^* 

further evidence the appropriate combination and limitation strateg.es. 

The discussion included in this application is intended to serve as a basic description. 
The reader should be aware that the specific discussion may not explicitly descr.be all 
25 embodimemspossibl^manyalternativesarehnphcit. It also may not fully explain the 

genericnatin.oftheinventionandmaynotexpUcitiyshowhoweachfeanareorelementcan 

actually be representative of a broader function or of a great variety of alternate or 
equivalent elements. Again, these are implicitly included in this disclosure. Wherethe 
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C^o.^o^^.eino^^.e— them—nd 
eaohclem^perfonns.Nei.her^de.cnpUonnor.he^o.ogy.s — toumtthe 

X ly »= made without departing ft- - — — — S »< h ^ " 

encompassed by this disclosure. 

„ addition, each of the various element of «he invention and claims may also be 
achieved in a vane* of makers. This disclosure should be understood «o encompass each 

eachelemetfr^ybeexpressedbyeomvalenta^^ 

menrncnonorresultisthesame. Such equivalent, broade,, or even more genenc tern* 
sh ou.d be considered to be encompassed in «he description of each element or acfcon. Such 

SMarly.eachphysical element^ 

the action which ma, physical element facilitates. As bu, one exampie of mis aspe* the 
disclosure of a "col.ec.or" should be understood to encompass disclosure of the ac, of 
••collector - whether explicitly discussed or no, - and, conv«sely, were mere only 
disclosure of the ac, of "collecting-, such a disclosure should be understood to encompass 
disclosureofa-coueco," Such changes and alternative terms are to be understood to be 

Cairns initially present the claims may be varied to more expansively address vanattons of 
, each of these devices and mefcods set forth, each feature, component, and stop shown as 
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separate and independent inventions, and the various combinations and permutations of each 
of the above. 

Finally, throughout this specification - especially the claims - unless the context 
requires otherwise, the word "comprise" or variations such as "comprises" or "comprising", 
5 will be understood to imply the inclusion of a stated element or group of elements but not the 
exclusion of any other element or group of elements. 
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VI. CLAIMS 



e. 

f. 



What is claimed is: 

1 A method of practically producing an equine mammal comprising the steps of: 
a determining an estimated time of estrus of a female species of an equine 
mammal, said female species having two uterine horns, each uterine horns 
having a tip and a follicle, and having a vagina, a uterus, and a rectum; 
b collecting equine sperm cells from amale species of an equine mammal; 
c. establishing an equine insemination sample containing at least some of said 

equine sperm cells from said male species of said equine mammal; 
d establishing a flexible probe having a sperm container; 

placing said flexible probe in the vagina of said female equine mammal; 
manipulating said flexible probe into said uterus of said female equine 
mammal; 

, guiding said flexible probe into a uterine horn of said female equine mammal; 
and 

» gently manipulating said flexible probe per rectum as it is guided deep within 
said uterine horn of said female equine mammal to a location deep within said 
uterine horn of said female species near the tip of said uterine hom; 
i. artificially inseminating said female species of said equine mammal; 
j . fertilizing at least one equine egg within said female species of said equine 

mammal; and 
k. producing an equine offspring mammal. 

A method of practically producing an equine mammal as described in claim 1 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal comprises the 

steps of: 

a. determining the sex characteristic of aplurality of said equine sperm cells; and 

b. sorting said equine sperm cells according to the determination of their sex 
characteristic, 
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and wherein said step of producing an equine offspring mammal comprises the step of 
producing an equine offspring mammal of the desired sex. 

A method of practically producing an equine mammal as described in claim 2 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal comprises the 
step of establishing an equine insemination sample containing at least some of said 
equine sperm cells from said male species of said equine mammal and having a low 
number of said equine sperm cells relative to the typical artificial insemination 
dosage. 

A method of practically producing an equine mammal as described in claim 3 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal and having a 
low number of said equine sperm cells relative to the typical artificial insemination 
dosage comprises the step of establishing an equine insemination sample containing at 
least some of said equine sperm cells from said male species of said equine mammal 
and having a low number of said equine sperm cells relative to the typical artificial 
insemination dosage selected from the group consisting of: an equine insemination 
sample of no more than about five million sperm cells, and an equine insemination 
sample of no more than about twenty-five million sperm cells. 

A method of practically producing an equine mammal as described in claim 4 wherein 
said step of fertilizing at least one equine egg within said female species of said 
equine mammal comprises the step of fertilizing at least one equine egg within said 
female species of said equine mammal at success levels statistically comparable to the 
typical artificial insemination dosage. 

A method of practically producing an equine mammal as described in claim 5 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal and having a 



44 



PCT/US99/17165 

WO 00/06193 

low number of said equine sperm cells relative to the typical artificial insemination 

dosage comprises the steps of: 

a staining said equine sperm cells; 

b. sorting according to said sex of said equine sperm cells through the use of high 
speed flow cytometry; and 

c. concentrating said sorted equine sperm cells. 

A method of practically producing an equine mammal as described in claim 6 wherein 
said step of sorting according to said sex of said equine sperm cells through the use of 
high speed flow cytometry comprises the step of collecting live sperm of the desnred 
sex at the rate of at least nine hundred live sperm per second. 

; A method of practically producing an equine mammal as described in claim 6 wherein 
said step of sorting according to said sex of said equine sperm cells through the use of 
high speed flow cytometry comprises the step of operating a high speed cell sorter at a 
pressure of at least about fifty pounds per square inch. 

9 A method of practically producing an equine mammal as described in claim 1 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal comprises the 
step of estabhshing an equine insemination sample containing at least some of said 
equine sperm cells from said male species of said equine mammal and having a low 
number of said equine sperm cells relative to the typical artificial insemination 
dosage. 

10 A method of practically producing an equine mammal as described in claim 9 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal and having a 
low number of said equine sperm cells relative to the typical artificial insemination 
dosage comprises the step of establishing an equine insemination sample containing at 
least some of said equine sperm cells from said male species of said equine mammal 
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and havingalov, number of said equine sperm cells relative «o the typical artificial 
semination dosage selected from the group consisting of: an equine gemination 
sample of no more than about five million sperm cells, and an equine insemmation 
sample of no more than about wenty-five million sperm eells. 

, 1 A method of practical producing an equine mammal as described in ciaim 4 wherein 
said step of establishing an equine insemination sample staining at leas, some of 
said equine sperm cells from said mate species of said equine mammal compnses the 
step of establishing an equine insemination sample having a volume selected from me 
group: 0.2 ml or 1ml. 



12 



A method of practically producing an equine mammal as described in claim 7 wherein 
said step of establishing an equine insemination sample containing at least some of 
said equine sperm cells from said male species of said equine mammal compnses the 
step of estabUshing an equine insemination sample having a volume selected from the 
group: 0.2 ml, or 1ml. 

13 A method of practically producing an equine mammal as described in claim 10 

wherein said step of establishing an equine insemination sample containing at least 
some of said equine sperm cells from said male species of said equine mammal 
comprises the step of estabUshing an equine insemination sample having a volume 
selected from the group: 0.2 ml, or 1ml. 
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An animal produced through use ofamethod as described in any of claims 1,4,7, 11, 
or 12. 



15 A method of practically producing an equine mammal comprising the steps of: 
a determining an estimated time of estrus of a female species of an equine 
mammal, said female species having two uterine horns, each uterine horns 
having a tip and a follicle; 
b. collecting equine sperm cells from a male species of an equine mammal; 
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e. 



mammal; and 

producing an equine offspring mammal. 
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insemination sample near the tip oi sam 
follicle. 

A method of practically producing an equine mammal as described in claim 1 5 

rr-L-— *— 8saidfema,esp d t;::—on 

^ comprises me step of artificial ir— ng satd female equtne sp 
a single occasion close to ovulation. 
W A method of practically producing an equine mammal as described in claim H 
occasion close to ovulation comprises the aep of compnses me step of artiflc^ 
uterine horns of said equine mammal. 
W l^saidLsofinsertingatleastaportionofsaideqmnein^na ttonsample 
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deep within ...e^oncof .aid uterine hon, of said fema.c specie -ear to «p of said 
uterine horn, artficially inseminating said female species of said equine mammal, and 
fertilising at .east one equine egg within said female species of said equine mamma, 
are each accomplished in a field environment. 

, A memod of practically producing an equine mammal as described in claim! 5 
wherein said sten of inserting a. leas, aportion of saidequine insemination sample 
deep within a, leas, one of said uterine horns of said female species near the top of satd 
uterinehotnccmrprisesmes^ofinsernngatleastaponlonofsaidequme 

semination sample a, a location selected from the group consisting of: wAm about 
one-half inch of the tip of said uterine horn, within about one inch of the tip of satd 
uterine horn, and within about Wo inches of the tip of said uterine horn. 
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A method of practically producing an equine mammal as described in dam, 15 and 
further comprising the s«p of manipulating the ovulation of said female equtne 
prior to accomplishing the s«p of artificially inseminating said female 

species of said equine mammal. 

22 A method of practically producing an equine mammal as described in claim 21 

wherein said step of manipulating the ovulation of said female equine mammal pnor 
to accompUshing the step of artificially inseminating said female species of sari 
equine mammal comprises the step of administrating a gonadotropin releasing 
hormone to said female equine mammal. 

23 A method of practically producing an equine mammal as described in claim 22 
wherein said step of artificially inseminating said female species of said equme 
mammal is accomplished at a time selected from the group consisting of: about ttarty 
four hours after said step of administrating said gonadotropin releasing hormone to 
said female equine mammal, about forty hours after said step of administrating saxd 
gonadotropin releasing hormone to said female equine mammal, and between about 
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thirty four hours to about forty hours after said step of administrating said 
gonadotropin releasing hormone to said female equine mammal. 

A method of practically producing an equine mammal as described in claim 21 
wherein said step of inserting at least a portion of said equine insemination sample 
deep within at least one of said uterine horns of said female species near the tip of said 
uterine horn comprises the step of inserting said equine insemination sample within 
said uterine horn through the use of a flexible plastic artificial insemination pipette. 

; A method of practically producing ah equine mammal as described in claim 15 
wherein said step of inserting at least a portion of said equine insemination sample 
deep within at least one of said uterine horns of said female species near the tip of «d 
uterine horn comprises the steps of: 

a. establishing a flexible probe having a sperm container; 

b. placing said flexible probe in the vagina of said female equine mammal; 

c. manipulating said flexible probe into said uterus of said female equine 
mammal; 

d. slowly guiding said flexible probe into a uterine horn of said female equine 

mammal; and 

e gently manipulating said flexible probe per rectum as it is guided deep within 
said uterine horn of said female equine mammal to a location deep within said 
uterine horn of said female species near the tip of said uterine horn. 

26 A method of practically producing an equine mammal as described in claim 15 and 
further comprising the step of confirming by transrectal ultrasonography the location 
at which said step of inserting at least a portion of said equine insemination sample is 
accomplished prior to accomplishing said step of artificially inseminating said female 
species of said equine mammal. 
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A method of practically producing an equine mammal as described in claim 15 
wherein said step of establishing an equine insemination sample containing at least 
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some of said sperm cells from said male species of said equine mammal comprises the 
step of establishing an equine insemination sample having a low number of and 
equine sperm cells relative to the typical artificial insemination dosage, and wherem 
said step of fertilizing at least one equine egg within said female species of satd 
equine mammal comprises the step of fertilizing « leas, one equine egg wrttan satd 
female species of said equine mammal a, success levels statistically comparable to the 
typical artificial insemination dosage. 

28 A method of practically producing an equine mammal as described in claim 27 

wherein said step of establishing an equine insemination sample having a low number 
of said equine sperm cells relative to the typical artificial insemination dosage 
comprises the step of establishing an equine insemination sample selected from the 
group consisting of: an equine insemination sample of no more than about five million 
sperm cells, and an equine insemination sample of no more than about twenty-five 
million sperm cells. 

29 A method of practically producing an equine mammal as described in claim 25 

wherein said step of establishing an equine insemination sample containing at least 
some of said sperm cells from said male species of said equine mammal compnses the 
step of establishing an equine insemination sample having a low number of said 
equine sperm cells relative to the typical artificial insemination dosage, and wherem 
said step of fertilizing at least one equine egg within said female species of said 
equine mammal comprises the step of fertilizing at least one equine egg within said 
female species of said equine mammal at success levels statistically comparable to the 
typical artificial insemination dosage. 

30 A method of practically producing an equine mammal as described in claim 29 

wherein said step of establishing an equine insemination sample having a low number 
of said equine sperm cells relative to the typical artificial insemination dosage 
comprises the step of establishing an equine insemination sample selected from the 
group consisting of: an equine insemination sample of no more than about five million 



50 



PCT/US99/17165 

WO 00/06193 ^ . fi _„ 

of no more than about twenty-five 
sperm cells, and an equine msemination sample of no mo 

million sperm cells. 

characteristic, ^^wricec the step of 

^nereinsaidsfcpof preying aneouineoffspringrnanunal — 

producing an equine coring nwnmal of .he desired sex 

sperm cells and sorting said equine sperm cells according 
sex characteristic comprise the steps of: 

a. staining said equine sperm cells; ^ 

b . sorting according to said sex of said equme sperm cells thro gn 
speed flow cytometry; and 

e. concentrating said sorted equine sperm cells. 

*. desired sex a, the ra te of a, leas, nine nundr* live sperm per second. 

34 x—-,— - JI^sZ-L^ 

sorter a« a pressure of a. leas, abou, fifty pounds per square mcb. 
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wherein said step of sorting accottog to -* --"'^V ^ spenn 
.fce use of high speed flow cv^netry comprises the step of « eq 
cells having <he desired sex char— in a sMn. soiunon. 

* ^ffrrtilizine at least one equine egg within said 
female species of said equine mammal at success lev 
typical artificial insemination dosage. 

serein said «, of esfchlishing an equine inserninaUon sample havng ^ 
If said equine sperm celis relative to the typical artificial u— on dosage 

sperm cells, and an equine insemination sample of no more 
million sperm cells. 

II in said step of cashing an equine inseminauon sample — g a. least 
of said equine sperm ceUs .on. said male species of said equtne mammal 



some* 



■ , • -™ rails according to the determination of their sex 
b. sorting said equine sperm cells according 

characteristic, 
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and .here* said step of producing - equine offering — comprises the step of 
producing an equine offspring mammal of the desired sex. 

39 A method of practice producing an equine mamma, as described in claim 25 

therein said step of establishing an eouine insemination sample oontiumng a, fcas, 
« of said eouine sperm cells from said male species of said equine mammal 

rtS;. — ofaplurali^ofsaidcuinespermoe^and 

• mom rPik according to the determination of their sex 
b. sorting said equine sperm cells accoromg u> 

characteristic, f 
and wherein said step of producing an eouine offspring mamma, compnses the step 
producing an equine offspring mammal of the desired sex. 

40 A mefhod of practically producing an equine mamma, as described in claim 15 and 
^^^^^^^^^ 
le ast one equine egg within said female species of said equine mammal occurs. 

« Amemodofpracncallyr-ductaganequ^^ 

wherein said step of establishing an equine insemination sample contauung at east 
some of said equine sperm cells from said male species of said equinemammal 

selected from the group: 0.2 ml, or 1ml. 

42 A method of practically producing an equine mammal as described in claim 30 

wherein said step of establishing an equine insemination sample containing a, east 
some of said equine sperm cells from said male species of said equine mammal 
comprises the step of establishing an equine insemination sample having a volume 
selected from the group: 0.2 ml, or 1ml. 
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A method of practically producing an equine mammal as described in claim 37 
wherein said step of establishing an equine insemination sample containing at least 
some of said equine sperm cells from said male species of said equine mammal 
comprises the step of establishing an equine insemination sample having a volume 
selected from the group: 0.2 ml, or 1ml. 

An animal produced through use of a method as described in any of claims 15, 19, 23, 
25, 28, 30, 31, 33, 35, 40, 41, , or 43. 

A method of sorting equine sperm cells according to a determination of their sex 
characteristic comprising the steps of: 

a. collecting equine sperm cells from a male species of an equine mammal; 

b. staining said equine sperm cells; 

c. establishing a cell source which supplies said equine sperm cells to be sorted; 

d. establishing a sheath fluid which is adapted to form droplets and which is 
compatible with said equine sperm cells; 

e. establishing a skim milk solution into which said equine sperm cells are 

collected; 

f. discriminating between said equine sperm cells according to a determination 
of their sex characteristic; 

g. entraining individual equine sperm cells in a droplet; 

h. sorting said droplets according to said sex of the individual equine sperm cells 
they contain; and 

i. collecting equine sperm cells having the desired sex characteristic in said skim 
milk solution. 

46 A method of sorting equine sperm cells according to a determination of their sex 

characteristic as described in claim 45 wherein said step of establishing a skim milk 
solution into which said equine sperm cells are collected comprises the step of 
establishing a solution containing a skim milk extender as a collection fluid. 
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47 A method of sorting equine sperm cells according to a determination of their sex 
characteristic as described in claim 46 wherein said step of establishing a skim rmlk 
solution into which said equine sperm cells are collected further comprises the step of 
establishing a solution containing about four percent egg yolk as a collection fluid. 

48 A method of sorting equine sperm cells according to a determination of their sex 
characteristic as described in claim 45 wherein said step of establishing a sheath fluid 
which is adapted to form droplets and which is compatible with said equme sperm 
cells comprises the step of establishing a sheath fluid containing a hepes buffered 
medium. 

49 A method of sorting equine sperm cells according to a determination of their sex 
characteristic as described in claim 45 wherein said step of sorting said droplets 
according to said sex of the individual equine sperm cells they contain compnses the 
step of sorting according to said sex of said equine sperm cells through the use of high 
speed flow cytometry. 

50 A method of sorting equine sperm cells according to a determination of their sex 

characteristic as described in claim 49 wherein said step of sorting according to said 
sex of said equine sperm cells through the use of high speed flow cytometry compnses 
the step of collecting live sperm of the desired sex at the rate of at least nine hundred 
live sperm per second. 
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A method of sorting equine sperm cells according to a determination of their sex 
characteristic as described in claim 49 wherein said step of sorting according to said 
sex of said equine sperm cells through the use of high speed flow cytometry compnses 
the step of operating a high speed cell sorter at a pressure of at least about fifty pounds 

per square inch. 

A method of practically producing an equine mammal involving sorted equine sperm 
cells wherein said sorted equine sperm cells are sorted according to a determination of 
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.heir sex characteristic through a method as described in data 45 and further 

comprising the steps of: . 
. de—ganesanta^timcofe^ofafe^alespeciesofanequme 

' m anu Ml ,saidfen^especieshaving M ou K r ta ehorns,eachu te nnehorns 

having a tip and a follicle; 
„ cashing an equine insemination sample containing a, leas, some of satd 
' sor^equinespermcemftomsaidn^especiesofsaidequmen^^ 

insemination dosage; 

c . non-surgically inserting a, least a portion of said equine insenunation sample 
in said female species of said equine mammal; 

^aciauyinsentinatmgsaidf^ . 
fertilizing a, leas, one equine egg within said female species of said equme 

mammal; and 

f . producing an equine offspring mammal of the desired sex. 

53 A metitod of practically producing an equine mamma, as described in claim 52 

m of said sorted equine sperm cells from said male species of said equmemamma. 

^nation dosage comprises the step of establishing an equine tnsemmatun s*nple 
containing a, least some of said equine sperm cells mom said male spec.es of satd 
equine mamma, and having a low number of said eoume sperm cells relative to*e 
.ypical artificial insemination dosage selected from the group cons.sting of: an equme 
iosemination sample of no more than about five miuion sperm cells, and an equme 
insemination samp,e of no more man about twenty-five million sperm colls. 

54 A method of practically producing an equine mamma, as described in claim 53 and 
further comprising the step of ascertaining which uterine horn is ipsilateral to the 
preovulatory follicle and wherein said step of non-surgically inserting a, leas, a 
portion of said equine insemination sample in said female species of said equme 
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^ comprises,!* s*pof inserting -1- —of saidequinei— n 
^ pl enear te Upof^du« e n n ehon,ipsi 1 a t e ra .«o«heprecvu, MMy fo U .c 1 e. 

55 A method of practically producing an equine mannna, as described in 

whe.in said sfcpof —ly b~ — _ 
^ comprises ft. s«p of art.frcia.ly inseminating said fema!e equrne speces 

a single occasion close to ovulation. 

occasion close «o ovulation comprises the step of comprises the step ***** 
jl— n g said female equine species poft ipsi- and co.tra-la.era, W «un «he 
uterine horns of said equine mammal. 
57 A me«hodofp ra cncaUyp ro duc ta gane,uinen^a 1 asdescriW m c 1 aim 5 4 

lerein said *eps of inserting a, leas, aportion of said equine insemn^on sample 

equine egg within said female species of said equine mamma, are each accotnphshed 

in a field environment. 

58 A memod of practical producing an eouine mamma, as described in claim 53 

wherein said s*p of establishing an equine insemination sample contanung a. leas, 
some of said equine sperm ceils torn said male species of said equine mammal 
comprises thestep of estabUslnng a. eqmne msenUnanon sample having a volume 

selected from the group: 0.2 ml, or 1ml. 



59 An animal 
57, or 58. 



produced through use of a method as described in any of claims 45, 50, 53, 
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60 A method of flow cytometry accomplished through use of a method as described in 

any of claims 45, 48, or 50. 

61 An equine-adapted flow cytometer system for isolating desired cells comprising: 

a. an equine sperm cell source which supplies cells to be analyzed by the 

flow cytometer; 

b. a chemically coordinated sheath fluid source which creates a sheath 
fluid environment for said equine sperm cells; 

c. a nozzle through which said equine sperm cells pass while subjected to 
said sheath fluid environment; 

d. an oscillator which acts upon said sheath fluid as it passes through said 

nozzle; 

e. a cell sensing system which responds to said equine sperm cells; 

f. a equine sperm cell sorter discrimination system which acts to sort said 
equine sperm cells having a desired sex characteristic; and 

g . a skim milk solution collector into which said equine sperm cells 
having the desired sex characteristic are placed. 

62 An equine-adapted flow cytometer system for isolating desired cells as described in 
claim 61 wherein said skim milk solution collector comprises a solution containing a 
skim milk semen extender. 

63 An equine-adapted flow cytometer system for isolating desired cells as described in 
claim 62 wherein said skim milk solution collector further comprises a solution 
containing about four percent egg yolk. 

64 An equine-adapted flow cytometer system for isolating desired cells as described in 
claim 62 wherein said chemically coordinated sheath fluid source comprises a sheath 
fluid containing a hepes buffered medium. 
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65 A» equine.adap.ed flow cvtometer system for isolating desired cells as described in 
claim 61 wherein said eqnine sperm cell sorter discrimination system compnses a 

high speed cell sorter. 

66 An euuine-adapted flow cytometer system for isolating desired cells as described in 
claim 65 wherein said a high speed cell sorter collects live sperm of me desired sex at 
the rate of at least nine hundred live sperm per second 

67 An equine-adapted flow cytometer system for isolating desired cells as described in 
elaim 65 wherein said ahigh speed cell sorter operates at apressure of at least about 



fifty pounds per square inch. 



produced through use of a system as described in any of 



68 A sexed sperm specimen 
claims 61, 62, 64, 65 or 66. 

69 A sexed equine animal produced through use of a system as described in any of claims 
61, 62, 64, 65 or 66. 

70 A method of practically producing an equine mammal comprising the steps of: 
a. determining an estimated time of estrus of a female species of an equine 

mammal, said female species having two uterine horns, each uterine horns 
having a tip and a follicle; 
b collecting equine sperm cells from a male species of an equine mammal; 

c. determining the sex characteristic of aplurality of said equine sperm cells; 

d. sorting said equine sperm cells according to the determination of their sex 
characteristic; 

e. establishing an equine insemination sample containing at least some of said 
sorted equine sperm cells from said male species of said equine mammal; 

f. non-surgically inserting at least a portion of said equine insemination sample 
in said female species of said equine mammal; 

g. artificially inseminating said female species of said equine mammal; 
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h . fertilizing at least one equine egg within said female species of said equine 
mammal; and 

i. producing an equine offspring mammal of the desired sex. 

A method of practically producing an equine mammal as described in claim 70 
wherein said steps of determining the sex characteristic of a plurality of said equate 
sperm oells and sorting said equine sperm ells according to the determination of then- 
sex characteristic comprise the steps of: 
a staining said equine sperm cells; 

b . sorting according to said sex of said equine sperm cells through the use of high 
speed flow cytometry; and 

c. concentrating said sorted equine sperm cells. 

72 A method of practically producing an equine mammal as described in claim 71 

wherein said step of sorting according to said sex of said equine sperm cells through 
the use of high speed flow cytometry comprises the step of collecting live sperm of 
the desired sex at the rate of at least nine hundred live sperm per second. 

73 A method of practically producing an equine mammal as described in claim 71 

wherein said step of sorting according to said sex of said equine sperm cells through 
the use of high speed flow cytometry comprises the step of operating a high speed cell 
sorter at apressure of at least about fifty pounds per square inch. 

74 A method of practically producing an equine mammal as described in claim 71 

wherein said step of sorting according to said sex of said equine sperm cells through 
the use of high speed flow cytometry comprises the step of collecting equine sperm 
cells having the desired sex characteristic in a skim milk solution. 

75 A method of practically producing an equine mammal as described in claim 70 

wherein said step of establishing an equine insemination sample containing at least 
some of said equine sperm cells from said male species of said equine mammal 
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comprise, the step of estiMshing an equine insemination sample containing a, leas, 
some of said equine spenn ceUs from said male species of said eouine mammal and 
having a low number of said equine spenn cells relative to the typical art.fic.al 
insemination dosage seated from the group consisting of an aquine insemination 
sample of no more man about five million sperm ceUs, and an equine insenunation 
sample of no more than about twenty-five million sperm cells. 

A method of practically producing an equine mammal as described in claim 72 
wherein said step of establishing an equine insemination sample containmg a, leas, 
some of said eouine sperm ceils from said male species of said equine mammal 
comprises the step of establishing an equine insemination sample containmg at leas, 
some of said equine sperm cells from said male species of said equine mammal and 
having a low number of said equine sperm cells relative to the typical artifictal 
insemination dosage selected from the group consisting of ; an equine insenunation 
sample of no more man about five million sperm cells, and an eouine insenunation 
sample of no more than about twenty-five million sperm cells. 

77 A method of practically producing an equine mammal as described in claim 75 

wherein said step of establishing an equine insemination sample containing at least 
some of said eouine sperm cells from said male species of said eouine mammal 
comprises the step of establishing an equine insemination sample having a volume 
selected from the group: 0.2 ml, or 1ml. 

78 A method of practically producing an equine mammal as described in claim 76 

wherein said step of establishing an equine insemination sample containmg at least 
some of said equine sperm cells from said male species of said equine mammal 
comprises the step of establishing an equine insemination sample having a volume 
selected from the group: 0.2 ml, or 1ml. 

79 A method of practically producing an equine mammal as described in claim 70 
wherein said step of non-surgically inserting at least a portion of said equine 
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insemination sample in said female species of said equine mammal comprises the step 
of inserting at least a portion of said equine insemination sample deep within at least 
one of said uterine horns of said female species near the tip of said uterine horn. 

80 A method of practically producing an equine mammal as described in claim 71 
wherein said step of non-surgically inserting at least a portion of said equine 
insemination sample in said female species of said equine mammal comprises the step 
of inserting at least a portion of said equine insemination sample deep within at least 
one of said uterine horns of said female species near the tip of said uterine horn. 

81 A method of practically producing an equine mammal as described in claim 79 
wherein said step of artificially inseminating said female species of said equine 
mammal comprises the step of artificially inseminating said female equine species on 
a single occasion close to ovulation. 

82 A method of practically producing an equine mammal as described in claim 80 
wherein said step of artificially mseminating said female species of said equine 
mammal comprises the step of artificially inseminating said female equine species on 
a single occasion close to ovulation. 

83 A method of practically producing an equine mammal as described in claim 81 and 
further comprising the step of manipulating the ovulation of said female equine 
mammal prior to accomplishing the step of artificially inseminating said female 
species of said equine mammal. 

84 A method of practically producing an equine mammal as described in claim 82 and 
further comprising the step of manipulating the ovulation of said female equine 
mammal prior to accomplishing the step of artificially inseminating said female 
species of said equine mammal. 
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A^hodofpraotieaUyptciudnganequinemammaJa.describcdindataSS 
wherein said step of manipulating .he ovulation of said female equine ma.una. pnor 
to accomplishing** step of ar.iBcia.ly inseminating said female species of sard 
equine mammal comprises to step of administrating a gonadotropin re.eas.ng 
hormone to said female equine mammal. 

6 A»^rf^-^P«^-^■^- d ^ ta,4,ta^4ta,,i,, 

said step of manipulating the ovulation of said female equine mammal pnor to 
accomplishing tire s«ep of artificially inseminating said female species of sard «nnne 
amma comprises the step of administrating a gonadotropin releasing hormone <o 

said female equine mammal. 

said step of artificial., inseminating said female species of said equine mamma, .s 
accomplished a. a time selected from the group consisting of: about dtirty four hours 
after said step of administrating said gonadotiopin releasing hormone .o sa>d female 
equine mammar, abou. forty hours after said step of administrating said gonadotiopm 
releasinghormoneto saidfem* equine mammaU and b«ween aboutthirty four 
bcurs to abou. forty hours after said step of administiating said gonadotroph rdeasmg 
hormone to said female equine mammal. 

88 A mettrod of practical producing an equine mamma, as described in claim 86 
wherein said step of artificially inseminating said female species of sa.d eqmne 
.aammal is accomplished a. a time se.ected from tire group consisting of: about tinrty 
four hours after said step of administrating said gonadotropin releasing hormone to 
said female equine mamma., abou. forty hours after said step of adrninistiating sa.d 
gonadotropin leasing hormone to said female equine mammal and between abou. 
thirty four hours to abou. forty hours after said step of administrating sa.d 
gonadotropin releasing hormone to said female equine mammal. 
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9 A method of practically producing an equine mammal as described in claim 85 

wherein said step of inserting a, leas, a portion of said equine insemination sample 
deep within a, leas, one of said uterine horns of said female species near the tip of satd 
uterine horn comprises the steps of: 

establishing a flexible probe having a sperm container, 
placing said flexible probe in the vagina of said female equine mammal; 
manipulating said flexible probe into said uterus of said female equine 
mammal; 

guiding said flexible probe into a uterine horn of said female equine mammal; 
and 

gently manipulating said flexible probe per rectum as it is guided deep wrttun 
said uterine hom of said female equine mammal to a location deep within satd 
uterine hom of said female species near the tip of said uterine hom. 

90 A method of practically producing an equine mammal as described in claim 86 

wherein said step of inserting a, least a portion of said equine insemination sample 
deep within a. leas, one of said uterine horns of said female species near the tip of sard 
uterine horn comprises the steps of: 

establishing a flexible probe having a sperm container; 
b placing said flexible probe in the vagina of said female equine mammal; 
manipulating said flexible probe into said uterus of said female equine 
mammal; 

guiding said flexible probe into a uterine hom of said female equine mammal; 
and 

gently manipulating said flexible probe per rectum as it is guided deep within 
said uterine hom of said female equine mammal to a location deep within said 
uterine hom of said female species near the tip of said uterine hom. 

animal produced through use of a method as described in any of claims 70, 72, 74, 



c 



d. 



91 An 

77, 78, 79, or 89. 
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l A method of practically producing an equine mammal comprising the steps of: 
a determining an estimated time of estrus of a female species of an equine 

mammal, said female species having two uterine homs, each uterine homs 

having a tip and a follicle; 
b collecting equine sperm cells from a male species of an equine mammal; 
c establishing an equine insemination sample containing at least some of said 

equine sperm cells from said male species of said equine mammal and having 

a low number of said equine sperm cells relative to the typical artificial 



93 



d. 

e. 
f. 



g- 



insemination dosage; 

non-surgically inserting at least a portion of said equine insemination sample 

in said female species of said equine mammal; 

artificially inseminating said female species of said equine mammal; 

fertilizing at least one equine egg within said female species of said equine 

mammal at success levels statistically comparable to the typical artificial 

insemination dosage; and 

producing an equine offspring mammal. 



A method of practically producing an equine mammal as described in claim 92 and 
further comprising the step of ascertaining which uterine horn is ipsilateral to the 
preovulatory follicle and wherein said step of inserting at least aportion of said equine 
insemination sample deep within at least one of said uterine horns of said female 
equine species comprises the step of inserting at least a portion of said equine 
insemination sample near the tip of said uterine horn ipsilateral to the preovulatory 
follicle. 

94 A method of practically producing an equine mammal as described in claim 92 
wherein said step of artificially inseminating said female species of said equine 
mammal comprises the step of artificially inseminating said female equine species on 
a single occasion close to ovulation. 
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95 A method of practically producing an equine mammal as described in claim 94 
wherein said step of artificially inseminating said female equine species on a single 
occasion close to ovulation comprises the step of comprises the step of artificially 
inseminating said female equine species both ipsi- and contra-lateral within the 
uterine horns of said equine mammal. 

96 A method of practically producing an equine mammal as described in claim 92 
wherein said steps of inserting at least aportion of said equine insemination sample 
deep within at least one of said uterine horns of said female species near the tip of said 
uterine horn, artificially inseminating said female species of said equine mammal, and 
fertilizing at least one equine egg within said female species of said equine mammal 
are each accomplished in a field environment. 

97 A method of practically producing an equine mammal as described in claim 92 

wherein said step of fertilizing at least one equine egg within said female species of 
said equine mammal at success levels statistically comparable to the typical artificial 
insemination dosage comprises the step of fertilizing at least one equine egg within 
said female species of said equine mammal at success levels selected from the group 
consisting of at least 90%, at least 81%, at least 75<>/o, at least 65%, at least 60%, at 
least 57%, at least 40%, at least 35%, and at least 30%. 

98 A method of practically producing an equine mammal as described in claim 92 

wherein said step of establishing an equine insemination sample having a low number 
of said equine sperm cells relative to the typical artificial insemination dosage 
comprises the step of establishing an equine insemination sample selected from the 
group consisting of: an equine insemination sample of no more than about forty 
million sperm cells, an equine insemination sample of no more than about fifty 
million sperm cells, and an equine insemination sample of no more than about one 
hundred million sperm cells. 
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lerein saidlp of establishing an equine insemination sample havtng a low number 
of said equine sperm ceils relative «c the typical artificial insemination osa^ 
comprises the s«p of cashing an equine insemination s^le select the 
group consisting of: an equine insemination sample of no more man abou for* 
Lion sperm cells, an equine insemination sample of no more .nan about fifty 
mUHon sperm ceils, and an equine insemination sample of no more man about one 
hundred million sperm cells. 

,00 A method of practically producing an equine mammal as described in claim 97 

emprises the aep of eaablishing an equine insemination samp.e select fn,m the 
group consisting of an equine insemination sample of no more man about for* 
mttion sperm cells, an equine insemuranon sample of no more than about fifty 
miihon sperm ceils, and an equine insemination sample of no more man abou, one 

hundred million sperm cells. 

,01 Amethod of optically producing an equine mammal as described 

wherein said step of establishing an equine insemination sample contaunng a, least 
some of said equine sperm cells from said male species of said equine mammal 
comprises the steps of: 

. deten^me^ciwactensticofapluran^ofsaidequmespermcells.and 
b. sorting said equine sperm cells according to the donation of «he,r sex 

characteristic, 

and wherein said step of producing an equine offspring mammal comprises the step of 
producing an equine offspring mammal of the desired sex. 

,02 A method of practically producing an equine mammal as described in claim 94 

wherein said step of establishing an equine insemination sample contairung at least 
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some 



of said equine spenn ce,.s from saidmale specie, of said equine mamma. 



b . sorting said equine spenn ceUs according to me determmahon of <he.r sex 

characteristic, . f 

producing an equine offspring mamma, of me desired sex. 
m A method of practically producing « equine mamma, as described in ciaim 97 
Le of said equme sperm ceUs from saidmaie species of said equmemamma. 

«,»rm rells according to the determination of their sex 
b. sorting said equine sperm cells accoroing 

characteristic, . f 

m d wherein said «ep of producing an equine offspring mamma, compnses ,he step of 

producing an equine offspring mamma, of me desired sex. 
,04 A method of practicaUy producing an equine mammal as described in claim 1 02 

Iperm cells and sorting said equine sperm cells according to me de—> n o,»e,r 
characteristic comprise the steps of: 
staining said equine sperm cells; 

sorting according*, said sexofsaid equine sperm ecus through the use of h,gh 
speed flow cytometry; and 
c . concentrating said sorted equine sperm cells. 

ffi e use of high speed flow cytometry comprises the s«p of co..ecUng l.ve sperm of 
m e desired sex a, the rate of a, .east nine hundred live sperm per second. 



sex 

a. 

b. 



68 



PCT/US99/17165 

WO 00/06193 

wnerem said step of sorting — gtosaidsexofsBid^^cc.. ^ 
1 use of high speed flow cytometiy copses the step - operating a tngh speed ce„ 
sorter at a pressure of at least about fifty pounds per square mch. 

d-n — — — -or— ^--^-o-.*--* 

te use of high speed flow cytometry comprises the s«p of collecting sperm 
cells having the desired sex characteristic in a sldm milk solution. 

m A» animal produced through use of a memod as described in any of claims 92, 96. 97, 
10 100, or 101. 

10 9 A memod of practically producing an equine mammal comprising the steps of. 

' m ammal,saidfemalespeciesl»v to g W ou^ehon B ,eachu«eru K l^ 

having a tip and a follicle; 

' equine spermcells from saidmale species of said equine mammal and havmg 
a low number of said equine sperm cells relative to the typical arUfical 
insemination dosage selected from the group consisting of: an equme 
insemination sample of no more man about five miffion sperm cells, and an 
equine insemination sample ofno more man about twenty-five rmllion sperm 

cells; . , 

d. non-surgically inserting at leas, a portion of said equine insemmation sample 

in said female species of said equine mammal; 
t fertiUzmgatleastoneequineeggwitiunsaidfemalespeeiesofsaideqmue 

mammal; and 
g . producing an equine offspring mammal. 



20 
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„0 A method of practically P— an equine mammal as described in ^ 10, and 
fcrther comprising the s«p of ascertaining which uterine horn ,s .psuater* • «- 
preovulatory follicle and wherein s*d step of non-surgically inserting aUeas^ 
portion of said equine insemination sampie in .aid female spec.es of satd equ,ne 

sample near the Up of said uterine horn ipsilateral to ft. pr—ry folhc>e. 

HI A method ofpracnca.lv producing an eouine mamma, as described in clann .0* 
wherein said step ^artificially inseminating said female spee.es of satd eoume 
^ comprises the step of artificial inseminanng said female equme spectes on 
ingle occasion close to ovulation. 



a si: 



112 A method of practically producing an eouine mamma! as descnbed « eiaun 111 

wherein said step of artificially inseminating said female eoutne *P~™^ 
occasion close to ovulation comprises the step of comprises me step of anally 

■^^^^^^^■^^-^^ 
uterine horns of said equine mammal. 

wherein said sups of non-surgically inserting a, leas, a portion of said equate 
nation sample in said female species of said eouine mammal, arhfi-nally 
ilKemmatto , said female species of said equine mammal, and fertthzmg - « « 
equine egg within said female species of said equine mammal are each accomphshed 

in a field environment. 

wherein said step of establishing an equine insemination sample con.ain.ng a, east 
some of said equine sperm ceUs from said male species of said equine mammal 

; comprises the steps of: 

a. determimngmesexcharacteristicofapluraliryofsaidequinespermcells.and 
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^ l1c arrn rdins to the determination of their sex 

b. sorting said equine sperm cells according to me 

characteristic, . r 

and wherein said step of producing a, equine offspring mammal conges the step 
producing an equine offspring mammal of the desired sex. 

wherein said s,ep of esttohshing an equine ins— n sample — g * ~ 
acme of said equine sperm cells from said male species of said equme mammal 
comprises the steps of: 

„'. sorting said equine sperm celis according to the deternnnation of then sex 

characteristic, . - 

and wherein said step of producing - equine offspring mamma, cmpnses the step 
producing an equine offspring mammal of the desired sex. 

„«™ ppIU according to the determination of their 
sperm cells and sorting said equine sperm cells accoroing xo 

sex characteristic comprise the steps of: 
a staining said equine sperm cells; 

b . sorting according to said sex of said equine sperm celis through** use of h,gh 
speed flow cytometry; and 

c . concentrating said sorted equine sperm cells. 

wherein said step of sorting according to said sex of said equine sperm ceils through 
the use of high speed flow cyttmetiy comprises the step of collecting live sperm of 
,he desired sex at the rate of at leas, nine hundred live sperm per second. 
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A method of practically producing an equine mammal as described in claim 116 
wherein said step of sorting according to said sex of said equine spem. cells tough 



71 



PCT/US99/17165 
WO 00/06193 

sorter a. a pressor, of a. .east about fifty pounds per square nrch. 



5 



.herein said step of sorting according to said sex of satd eqtnne spenn cells through 
ceUs having «he desired sex characteristic in a skim mi* so.ut.on. 
l0 A method of practicaUy product an equine mamma, as described in Cairn l» - 
female equine mamma, to enhance me probability a. whtch sa.d step o Mho. 

m A method of practica.lv producing an equine mamma, as described in Cairn ,» 
II of said equine sperm cells from said male species of said eqmne manual 
selected from the group: 0.2 ml, or 1ml. 

some of said equine sperm ceUs from said ma.e species ofsaid "V™"*™* 
selected ftom the group: 0.2 ml, or 1ml. 

wherein said step of non-surgically inserting a, least a portion of s,d emune 

of inserting a, .east a portion o, said equine insemination samp.e deep w*«- >-t 
oneofsaiduterinehoms ofsaid female species near the tip of sa,d utenne horn. 
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,24 A meurod of practical producing an equine mamma, as described in data 109 
wherein said step of non-surgically inserting a, leas, a portion of said emune 

of inserting - leas, a portion of said equine insemination samp.e deep wrunn a. leas, 
one of saidu^rinehorns of said fema.e species near «,etip of sardu^nnehorn. 

125 ^^ot^iyp^™^™^"^^:*™" 1 

wherein said s,ep of „on-surgical.y inserting a, .eas, aportion of sard eouure ^ 

ofinserting aUeas, aportion of said equine insemination sample deep wrtiun a,.eas, 
one ofsaiduterinehonrsofsaid female species near tire tip of said u«ennehom. 

,26 Ametirodofpractieai.yproducmganeanmemanmraiasdescnbedinc.ata 
W he re msaids,epofnon-surgica..yinsertinga,leas,aportionofsaide q «me 

ofinserting a, leas, a portion of said equine insemination samp.e deep wrtiun a, leas, 
one of said ufcrinehoms of said fema.e species near flretip of said n«enne hom. 

totirer comprising tire s«ep of manipuiaung tire ovmation of said fema.e e.pnne 
n^al prior to accomplisiingfte step of axtificialiy inseminating sard female 
species of said equine mammal. 

further comprising tire step of manipnlating tire ovulation of said female «nune 
m ^ prior to accomplishing tire step of artificial inseminating sdd femate 

species of said equine mammal. 

A method of practical producing an equine mammal as described in claim 127 
wherein said step of manipulating tire ovulation of said fema.e equine nrammal pnor 
to accomplishing tire s,ep of artificially inseminating sard female species of sard 
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equine mamma, comprises the step of adnunistiating a gonadotropin leasing 
hormone to said female equine mammal. 
,30 Amethodofpractteaiiyproducmganequinemanur^asdescribedmeiamrnS 

«o accomplishing me step of artificially ir^minarmg said fema,e spec.es of satd 
eouine mamma, comprises the step o, administrating a gonadotropin releasmg 
hormone to said female equine mammal. 

131 Air-a^rfJH^»»^-^ , ^"* -b,dl "* ,m . U9 

herein said *ep of artificially inseminating said female species of said equme 
^al is accomplished at a time selected from the ^oup consisting o ahout 
four hours after said step of adnnnistrating said gonadotropin releasing hormone to 
said female equine mamma!, about forty hours after said step of administrating and 
gonadotropinreleasinghormonetosaidfen^eequmemammal.andbeti.een about 

thirty four hours to about forty hours after said step of administrating satd 
gonadotropin releasing hormone to said female equine mammal. 

,32 A^rtvn^*^-'**''-'-*-'"***'""" 0 

wherein said step of artificially ir^minating said female speoies of said equme 
mamma, is accomplished a. a time selected from the group consisting of: about tiurty 
four hours after said step of administrating said gonadotropin re,easing hormone » 

thirty four hours to about forty hours after said step of adnunistrating satd 
gonadotropin releasing hormone to said female equine mammal. 
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A method of practically producing an equine mammal as ascribed in chum 129 
wherein said step of inserting a. leas, aportion of said eonine insemination sample 

uterine horn comprises the steps of: 



74 



# 



PCT/US99/17165 
WO 00/06193 

mammal; f . « fcma i e equine 



d. 



mammal; and ouided deep within 

- 1. «f female equine mammal to a location a^v 

hom comprises the steps of: 

^.abBshingaflexiblepraietavtagaspermcontainer, 

*■ T^Zlii-M..^'»«-"*» of,,Mfc, *' , * D 

, -- — r^s; n 

said uterine horn of said female equine mammal to a location d p 
114, 117, 119, 120, 121, 122, 123, 127, or 133. 
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